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WESTLAKE LANDFILI,

Classification: Class III, Priority 14

Site Name: Westlake Landfill
Address: Bridgeton, MO 63042. Between Old Rock Hill Road and New

Rock Hill Road east of Earth City, St. Louis County
T 46 N, R 5 E, St. Charles Quadrangle

Waste Type: radionuclides

Quantity: 7000 tons of low level uranium ore wastes

Site Description:

The site is part of an active landfill on the Missouri River floodplain in
St. Louis County..

Present Owner: Westlake Landfill, Inc.,
Bridgeton, MO 63042

Environmental Problems Related to Site:

The site is an active permitted landfill which in the past accepted 7000
tons of low level uranium ore wastes. Fxcavation at the site in the past
reached the same depth as the groundwater. There is potential for
contamination of groundwater and the Missouri River which is less than one
mile away, directly west of the site.

Remedial Actions at Site:

The site was surveyed prior to expansion in order to separate the
demolition fill area from the area identified as containing hazardous
materials.

The Missouri Department of Natural Resources is the lead agency for this
site.

Area of Concern Related to Site:

The average natural ground elevation is 435 to 440 feet with groundwater
at a shallow depth. The alluvium underlying the river is one of the most
important aquifers in the state. Consequently, if contamination is
occuring from the landfill, it is threatening a vital aquifer resource.

General Geologic and Hydrologic Setting:

LOCATION: Longitude 90 26" 45"; latitude 38 46' 15", St. Charles
Quadrangle.
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The landfill has been in existence for more than twenty years. For most
of that time period, landfilling has occurred on the Missouri River
floodplain. Landfilling also has taken place in a limestone quarry
adjoining the floodplain landfill. The quarry is in the St. Louis
Limestone which is present along the eastern slopes of the Missouri River

floodplain.

The early portion of the landfill operation included excavation and
filling below the floodplain and into the groundwater of the Missouri
River aquifer. Subsequent landfill operations generally were confined to
filling above the floodplain surface and also in the adjoining limestone
quarry. Except where operational procedures cause outbreaks of leachate
to occur in the quarry or runoff water to drain into the quarry, there was
no evidence of significant amounts of groundwater from the alluvial
aquifer entering the limestone. For the most part, the recharge, quite
limited to begin with, would be from the bedrock adjoining the alluvium
into the Missouri River aquifer rather than the aquifer recharging the
surrounding bedrock. Near the bedrock quarry pit, however, the potential
exists for draining some alluvial water into this sump. Apparently, the
pit is dewatered on & continuous basis with the water pumped to discharge
in the alluvial setting. Groundwater monitoring indicates general
movement of the alluvial groundwater to the west and north.

The Missouri River floodplain sediments consist of 13 to 20 feet of silt
loam to very silty clay having moderate to high permeability. The
groundwater table occurs at depths of 15 to 20 feet below floodplain
level. Fluctuations of 5 to 15 feet occur during periods of high water
levels when there are prolonged wet seasons that affect the Missouri
River. Local wet or dry periods cause little effect other than recharge
directly through the landfill. This may be the most significant risk
posed by the Westlake Landfill, the poor soil covering procedures that
apparently occurred during landfill operation.

Beneath the silt loam, very silty clay surface soil of the alluvium, the
Missouri River alluvial sediments are characterized by a general increase
in grain size associated with increasing depth. The sand increase becomes
noticeable at depths of 20 to 30 feet with the percentage of gravel
beginning to occur at depths of 30 to 40 feet. These coarse sediments,
plus the large and perennial recharge of the river, cause the alluvium to
be one .of the major and most important aquifers in the state.
Consequently, if contamination is occurring from the landfill, it is
threatening a vital aquifer resource.

Public Drinking Water Advisorv:

There are no public water systems located in the immediate vicinity of
Westlake Landfill. However, the site is less than one mile from the
Missouri River, which is the water source for St. Louis County Water
Company's North Plant. The intake for that plant is about eight miles
downstream from Westlake Landfill. Should contamination from the site
reach the Missouri River, the downstream public water system could be
affected.
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Private wells located near the landfill may also he susceptible to
contamination.

Health Assessment:

Uranium is reported to cause adverse health effects in two ways: toxic
chemical effects including damage to' the kidney and liver, pneumoconiosis,
pronounced changes in the blood and generalized injury; and radiation
effects including lung cancer, osteosarcoma, and lymphoma.

Analysis of the rates of fetal death, low birth weight, and malformations
for 1972-1982 showed no rate for the area significantly higher than the
state average.

An exposure assessment including a well survey, water sampling, and an
administrative exposure questionnaire was completed for the site. This
investigation by the Missouri Department of Health has found there are
only four wells still in use in the area that are downgradient from the
site. One is used only occasionally and one i{s not used for potable water
at all. None of the residents questioned appeared to have any adverse
health effects caused by materials disposed of at the site.

Based on available information, a health threat exists due to the effects
of low level uranium wastes buried at the site, and the possibility that
off-site migration of these materials might occur. While there is no
evidence of past or present exposure, the potential for future exposure
exists based on the possibility that off-site migration might occur.
Sampling and corrective containment and diversion should continue at this
site until risk to the public health can more accurately be determined.
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ABSTRACT

This report présents the results of a radiological

survey of the West Lake Landfill, St. Louis County,

'-_MisSouri, performed by Radiation Management Corporation
duriﬁg .the spring and summer of 198l1. Measurements were
made to determine external radiation levels, concentrations
of airborne contaminants and the identity and concentrations
of subsurface deposits., Results indicate that 1ﬁfge-volumes
of wuranium ore residues, probably originating from the

'Hazelwood, Missouri, Latty Avenue site, have been buried at
the West Lake Landfill. Two areas of contamination,
covering more than 15 acres and located at depths of up to
20 feet below the present surface, have been identified.
Thefe is no indication that significant quantities of

contaminants are moving off-site at this time.
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I. INTRODUCTION

In Auqust 1980, Radiation Management Corporation (RMC),
under contract to the U. S. Nuélear Regulatory Commission
(NRC), performed radiological evaluations of four burial
grounds(1l]. The first of these sites selected for

evaluation was the West Lake Landfill in St. Louis County,

Missouri, __Ah initial site wvisit was completed in August

1980, and a preliminary radiological survey was. completed
in November 1980. The detailed radiological evaluation was

performed in the spring and summer of 1981.

The purpose of this survey was to clearly define the
radiological conditions of the West Lake Landfill site. The
results of this survey should be sufficient to allow an
engineering evaluation to be performed to determine whether

remedial actions should and can be taken.

The methods used to -evaluate this site include the
following:

1) measurement of external gamma exposure

. rates 1 meter above the surfaces and
"Bééé?gémma count rates 1 cm above
surfaces;

2)' measurement of radionuclidé concentrations
in surface soils;

3) measurement of radionuclide concentrations
in subsurface deposits;

4) measurement of gross activity and




radionuclide concentrations in surface and

subsurfacélwater samples;
5) measurement of radon flux emanating from
surfaces;
6) measurement of airborne radiocactivity; and
7) measurement of gross activity - in

vegetation.

These measurements were performed on-site using two

mobile facilities designed by RMC. A small number of
. samples were returned to the RMC radiological laboratories
‘in Philadelphia for analysis for nuclides which could not be

- detected in the field, and for quality assurance checks on

the field measurements. A set of reference background
measurements were made at three locations in the St, Louis
area, near West Lake Landfill. 1In addition, a series of

non-radiological measurements were performed to identify

the possible presence of toxic or hazardous agents known or

believed to have been buried at this landfill.




II., SITE CHARACTERISTICS

The West Lake Landfill is located on St. Charles Rock
Road just west of the Taussig Road. intersection 1in
Bridgeton, Missouri.  The site is about one (1) mile
northwest of Route 270 and'approxihately 1-1/2 miles east of
the Missouri River, It 1is located in a combined
rural-industrial area, and is bounded on three sides by farm
land and on the fourth by St. Charles  Rock Road, beyond
which are located several commercial and industrial
establishments. The nearest residential area is a trailer

park located about 3/4 of a mile southeast of the landfill.

The site is approximately 200 acres and consists of a
quarry, stone and limestone processing and storage areas,
and several active and inactive landfills {(Figure 1), which
are open to the public during normal working hours. West
 Lake Landfill keeps track of entries for the purpose of
g_assessiﬁg' fees for disposal; however, access is not
;.controlled for Atﬁé:*reasons. Users are prohibited from

. disposing of hazardous materials at this site by current

Missouri-state'lAW.

Studies indicate the 1landfill is on the alluvial

floodplain of the  Missouri River, This fact prompted

. the Missouri Geological Survey, in 1973, to propose

classification of the site as hazardous under the then
"existing operating procedures. In addition, samples from

perimeter monitoring . wells taken in 1977 and 1978



indicated some movement of leachate into monitoring wells,
based on chemcial (not ;adiological) analyses. However,
-recent studies by the Départment of Natural Resources
indicate little or no surface or sub-surface movement of .
materials from the site(2]. Leachate from the active
sanitary landfill is collected and treated on-site. At
this time there is no evidence of significant ground water
contamination; however, géological reports indicate a

potential for such problems.

In May 1976, the St. Louis Post-Dispatch([3] printed a
story alleging that radiocactive material had been

erroneously dumped in the West Lake Landfill in 1973. The

source' of this material was identified as the Cotter

Corporation, Hazelwood, Missouri, Latty Avenue Site.

An NRC investigation conducted by Region III in 1976
[4] concluded that about 7 tons of U308, contained in 8700
tons of leached barium sulfate residues, had been mixed with
"about 39,000 tons of soil at Latty Avenue and the entire

' VOluheVaispbséd of rfat the West Lake Landfill. The earlier

_."'study by the _fiil'S"s""t'- Dispatch (1976) claimed only 9000 tons
'(preSﬁﬁéEiylthe:iéached barium sulfate reéidues) had been
buried, and thaﬁl the remaining material had not been
disposéd of at West Lake. The Post-Dispatch alleged that
the contractor hauling the dirt had admitted falsifying
 invoices for about 40,000 tons of soil. Discussions with
Site pe:soﬁnel indicated that a large quantity of soil from

-~ Latty Avenue had'fndeed been dumped at West Lake, although




the exact amount was unknown,

A fly-over radiological survey (ARMS flight), performed

for the NRC 'in 1978, showed external radiation levels as

high as 100 uR/hr in the

" personnel as containing the

area

indicated by West Lake

Latty Avenue material. In

addition, this survey revealed another possibly contaminated

zone in a fill area previously believed to be "clean".

Figure 2 shows the results of the 1978 aerial survey.

The area in the southeast

fill was Dbelieved tbucontain

Latty Avenue material, while that on the northeast boundary

was previously unidentified.

rﬁ addition to radioactive material, it is known that

hazardous chemical wastes

have

been disposed of at this

landfill. Since'disposal was unregulated prior to 1973,

little is known about the actual materials present, However,

it is believed that aside from normal landfill méterials,

there are chemical industrial wastes in the landfill.

Among the chemical wastes believed to be present are:

wasée.ink
pigments
oily sludges
esters
alcohols

insecticides

halogenated intermediates :

aromatics

oils

wastewater sludges
heavy metals

herbicides

TP TIPSy




III. RARIOLOGYICAL SURVEY METHODS

(A} Measurement of External Radiation Levels

The two areas of contamination were gridded and
surveyed for both gamma radiation levels at one meter above

the surface, and beta-gamma levels at the ground surface.

_The basic pattern at each céntaminated area was sutvey
blocks defined by a 10 meter grid system. External gamma
levels at one meter were recorded at each grid point (i.e.
at each intersection of two grid lines). 1Initially, precise
exposure rate measurements at a few speéially selected grid
points  were . made with a sensitive Tissue Equivalent
Ionization Chamber SQstem (described in Appendix I). At the
same time, Nal scintillation detector (described in Appendix
I) measurements were made and a conversion factor for the
NaI count rate versus uR/hr established (See Figure I-3).
Once this factor was confirmed, the scintillation detector

was used  for all grid measurements at relatively low

- exposure’rates."For the few higher rates encountered, a

Géigét-MuéiiérJSbrtable survey instrument was used.

At each grid point, an end wirdow G-M tube (described
in Aﬁpendix I) was used for surface measurements., An open
and closed window reading was made at 1 cm, and the ratio of
the two used to indicate the presence or absence of surface

contamination.



(B) - Measurement of Surface Radioactivity

 Based oﬁ the external surface measurements, surface
soil: samples were collected for analysis from both
contaminated areas. These samples were <collected from
locations on-site where surface deposits were indicated, as
well as locations where the drainage characteristics
indicated the possibility that radiocactive materials may
have been carried or washed away from original burial
locations. The soils were dried, ground and sealed in 500 ml
aluminum cans for counting on the intrinsic germanium (IG)

gamma ray spectroscopy system (described in Appendix I).

Vegetation on-site consisted only of grass and common
weeds, Off-site, <crops are grown on farm land immediately
noifh and west of the site, Since the possibility of
contamination exists here, crop samples were collected where
indicated by surface measurements. These samples were

dried, crushed and counted as described above.
(C) Measurements of Subsurface Radioactivity

Since it was known that mosé, or all, of the
radioactive materials at the West Lake Landfill have been
buried, extensive subsurface monitoring and sampling was
required. The purpose of this activity was to determine the

depth and lateral extent of subsurface contamination.

A series of holes through and bordering the
contaminated deposits were drilled and lined with 4-inch PVC

9



Fach hole was then scanned with a 2" by 2" NalI(T1)

casing.

scintillation detector and rate meter system.

Representative holes were then logged using an in situ
gamma measurement system consisting o¢f an intrinsic
—. germanium (IG) detector coupled to a multichannel analyzer
(described in Appendix I). Field analyses were then made,
E_both qualitatively'and quantitatively, thereby eliminating
. time consuming laboratory analyses and expensiQe core
sampling of each hole. Measurement intervals ranged from 6"
to .24", depending upon factors such as hole depth and
activity. An occasional core sample was taken to verify the
in situ measurements and to confirm the presence or absence

of non-gamma emitting nuclides such as Th-230,

(D) Measurement of Radioactivity in Water

"Whenever possible, water samples were taken from the
bore holes and two off-site monitoring wells. Samples were
'élso taken from staﬁding water, run.off water, and 1leachate
liquids. SampieSEWere filtered, evaporated and counted for
gross activity, otf;éfe filtered and sealed in Marinelli

" beakers for'gamma spectroscopic analysis.

(E) Measurement of Airborne Radioactivity

Measurements were made to determine if the material
L buried on-site 1is a source of airborne radioactivity. The
= isotopes of concern are Ra-226, Ra-224 and/or Ra-223, which

decéy to Rn"222, Rn=27271" arA Dn._"1n —




emanation of radon from the soil, and movement of radon and

daughters off-siﬁe.

These measurements may be used to determine Rn flux
emanation as a source term for off-site dose calculations,
or as an indication of the presence of radium at or below
the surface. Additional on-site Rn daughter measurements

were made to perform working level (WL) determinations.

Radon flux measurements which are to be related to
off-site dose calculations were of no value for Rn-219, due
to its very short (4 sec) half-life. Therefore; only its
long-lived daughters are of concern for off-site exposures.
In addition, if the parent (Ra-223) 1is not within a few
millimééérs ofﬁEhe surface, Rn-219 is not likely to emanate

into the atmosphere ({5].

Due to these considerations, only Rn-222 and Rn-220
fluxes were measured. The principal measurement technique
was collection of a filtered gas sample from an accumulator
and subsequent counting in a radon gas analyzer (described
in .Appendix l). Sequential alpha counting, starting
immediately after sampling, allowed separation of Rn-222
from Rn=-220 (if present). Repetitive samples were taken
from several locations during the survey period in an effort
to éQalﬁate the effect of fluctuations between individual
measurements, due to varying meteorological and soil
conditions, A second meﬁhod using charcoal canisters was
also employed as a check on the accumulator technique.

9



The presence of Rn-219 was determined by detection of
its daughters deposited on high volume particulate sample
filters, using gamma spectroscopy. Total Rn daughter levels
were also estihaﬁed_by gross alpha activity on particulate

filters, From this, a total working level (WL)

determination was made.




- IV. SURVEY RESULTS
(A) External Radiation Levels

Two areas of elevated external radiation levels have
been identified by this survey. Figure 3 shows the two
areas as they existed in November, 1980, at the time of the
preliminary RMC site survey. As can be seen, both areas
contained locations where levels exceeded 100 uR/hr at 1
meter, and in Area 2, gamma levels as high as 3-4 mR/hr wefe
detected. The total areas exceeding 20 uR/hr were about 3

acres in Area 1 and 9 acres in Area 2.

External gamma levels measured in May and July of 1981
.are ffshown in® Figqure 4. These levels had decreased
significantly, especially in Area l,..due to continuing
activities at the 1landfill. In both cases, contaminated
areas were covered with additional fill material. RMC
estimates that about 4 feet of sanitary fill was added to
the entire area denoted as Area 1, and that an equal amount
of construction €ill was added to most of Area 2. As a
résuit, only a small region of a few hundred square meters
in Area 1 exceeds 20 uR/hr. In Area 2, the total area

exceedlng 20 uR/hr decreased by about 103, and the highest

 leve1s are now about 1600 uR/hr, near the Shuman building.

Both areas were marked off in a 10 m by 10 m grid, based
on ai-ndrth-south -line erected from a boundary marker, as

laid out by a surveylng team, as a reference line. Grid

11



designations are shown 1in Figures 5 and 6. At each grid

point, external gamma levels at 1 m, and beta-gamma count
" rates at 1 cm, were measured. Results of these measurements

are given in Tables 1 and 2;

Beta-gamma measurements at 1 cm from the surface are
given 1n count rates, rather than dosé rates, due to the
difficulty in measuring beta dose rates accurately with end
window G-M tubes. Large differences between open- and
élosed-window readings indicate the possibility of surface
. contamination. Little surface contamination was found in
Area 1, as would be expected due to fresh land fill cover

over nearly the entire area.

Several isolated spots of surface contamination in Area
“. 2 were indicated by beta-gamma measurements, and later
confirmed by surface soil sampling. These spots are
generally located near the northwest edge of Area 2, which
includes Ehe Eerm that bounds the landfill at that point.
Some erosion and'-run-off is evident along the top of the
- fill, ébéarently unéovering deposits of radioactive material
in the process. Thus far, fresh construction fill has not

been added here, due to the inaccessibility of these spots.

A second region of surface contamination is found just

'_ho:th' of the Shuman building. It is not clear why material

i*.'appears on the surface here, ‘except that it is possible that

" some digging or excavation has occurred here in the past.



(B) Surface Soil Analyses

A total of 61 surface soil samples were gathered and
.analyzed on-site for gamma activity. Samples were normally
stored. 10 to 14 days to allow ingrowth of radium daughters,
Concentrations of U-238, Ra-226 (from PB-214 and Bi-214),
' Ra-223, Pb-211 and Pb-212 were determined for each sample.
Locations of surface soil samples are shown in Figures 7 and

8, and the results in Table 3.

Ih'hil soil”éamples nothing other than uranium and/or
thorium decay chain nuclides and K-40 was deﬁected. Off-site
background samples were on the order of 2 pCi/g for Ra-226.
On-site samples ranged from about 1 to 21,000 pCi/g Ra-226,
and from less than lo.to 2,100 pCi/g U-238. 1In those cases
where eievated levels of Ra-226 .were detected, the
concentrations of U-238 were generally anywhere from a
factor of 2 to 10 ldwer. . In cases of elevated sample
aétivity, daughter products of both U-238 and U-235 were

found,

In genefaljﬁsurface_activity was limited to Area 2, as
indicated by the surface beta-gamma measurements. Only two
small regions in Area 1 showed contamination, both 1located

.. near the access road across from the site offices.

In addition to on-site damma analyses, a set of 12
samples were submitted to the RMC radiochemical laboratories

for thorium and uranium radiochemical determinations. The

P R DT PN S SRS




results of these measurements are shown in Taz>s 4, They
| shbﬁighét ali”samples contain high levels of T=-230. The

- ratio of Th;230' to Ra-226 (Bi-214) is abou: 20, which
indicates an "enrichment" of thorium in these rezidues, as

discussed in Section V.

(C) Subsurface Soil Analysis

Subsurface contamination was assessed bv extensive
"logging" of holes drilled through the landfill &: locations
known or thought to contain radiocactive ﬁaterialéj’ .Several
holes were drilled in areas known to contain corzzmination,

then additionai holes were drilled outward in all Zirections
until' no further contamination was encountered. 2 total of
43 holes were drilled, (1l in Area 1 and 32 ir Area 2),
including 2 off-site water monitoring wells. All hoies were
‘drilled with a ~6-inch auger and iined with 4-inch pvC

casing. The"ldcation ‘of these auger holes itz shown in

"Figures 9 and 10,

Each hole was scanned with a 2-inch by 2-inch NaI(Tl)

-detector and rate meter system for an initial incication of

the location of subsurface contamination. Baseé¢ on the
initial - scans, certain holes were selected for detailed

gammé-logging using the IG detector and MCA. A total of 19

.holes:wefe logged in this manner.

' f;;Thé“iésulEs;of the NaI(T1l) counts and IG analyses are

n.in Table'5. Concentrations of Bi-214, as determined

14



by the IG system,“raﬁged from less than 1 to 19,000 pCi/g.
For those holes where both NaI(Tl) and IG counts were made,
a good correlation between gross NaI(Tl) counts and Ra-226
concentrations, as determined by in situ analysis of the
daughter Bi-214 by the IG system, was found. Figure ll is a
plot of ©NaI(Tl) count rate versus IG determination of
;,_Ra-226, and shows a nearly linear relationship between the
two at concentrations near the action criteria. The
;.con¢1usioﬁ is that the NaI(Tl) data is a good estimation of

 the  Ra-226 concentration in soil, so iong as the

radionuclide mix is reasonably constant. In the case of

West Lake Landfill, this has been shown to be the case.

It was determined that the subsurface deposits extended

” 'beyond'_areas where surface radiation measurements exceeded
action criteria., Figures 12 and 13 show the approximate

. area of subsurface contamination versus the area of elevated
" surface radiation levels. The total difference in areas is

. on the order of 5 acres.

The variations of contamination with depth are shown in
r.-'Figuré-___'14.”. As één-be seen, the surface elevations vary by

about 20 feet}'wiﬁh'the highest elevations at 1locations of

.fresh fill, Contamination (> 5 pCi/g Ra=-226) is found to
extend.from the surface, in several ékeas; to a depth of
. about 20 feet below surface, in two cases. In general, the
subsurface contamination appears to be a continuous single

layer, ranging from two to fifteen feet thick, located




between elevations of 455 feet and 480 feet and covering

16 acres total area.

In Figures 15-19, representations of the subsurface
deposits are provided based on auger hole measurements.
These representations are consistent with the operating
history of thé site, which suggests that the contaminated
material was moved onto the site within a few days' time,
%_and 'spread as _cover over fill material: Thus, one would
zexpéCE $'fairly é6ntinuous, thin layer of contaminatioh, as

indicated by survey results.
(D) Water Analyses

A total of 37 water samples were taken during this
survey, 4 in the fall of 1980, and the remainder in the
spring and summer of 1981. Results of water analyses are

shown in Table 6.

Noné of the sample alpha activities exceeded the MPC for
Ra-226 (thé hoét*restrictive nuclide present) in water for
unrestricted areas. Only one sample exceeded the EPA gross
alpha activity guidelines for drinking water and that was a
sample of standing water near the Shuman building. Several
‘'samples, including all the leachate treatment plant samples,
exceeded the EPA gross beta drinking water standards.
Subsequent isotopic analyses indicated that all the beta
 activity_can be attributed to K-40. None of the off-site

'samples exceeded either EPA standard.




(E) Airborne Radiodétivity Analyses

Both gaseous and particulate airborne radioactivity

. 'were sampled and analyzed during this study. Since it was

‘known that " the buried material consisted partially or
;tally  of 'uraniuh,.ore residues, the sampling program
;ﬁcentraﬁedlon meéSd%ing radon and daughters in the air.
““rwo methods were used: the first was a scintillation flask
' w lmethod for radon gas and the second was analysis of filter

_'lpaper activity for particulate daughters.

A series of grab samples using the accumulator method

(described  in Appendix I) were taken between May and August

. of 1981.. A total of 111 samples from 32 locations were
';Collectéd. Results. can be found in Table 7. Radon flux
levels ranged from 0.2 pCi/sqg.m-s in low background areas to

868 pCi/sq.m-s in areas of surface contamination.

At three locations, repetitive measurements were made

:over a period of two months, These results are plotted in
".Figure 20._ As can be seen, significant fluctuations were
”L”lobservea at two locations. The fact that these fluctuations
.hi,were real and not measurement artifacts was later confirmed

“'by duplicate charcoal canister samples, as described below.

A total of 35 charcoal canister samples were gathered
at 19 locations over a three month period. The results are
listed in Table 8, and show levels ranging from 0.3

pCi/sq.m-s to 613 pCi/sq.m-s. On 24 different occasions,
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placed in

the charcoal ' canisters and accumulator were

essentially the same locations, at the same time, for

duplicate'sampling. The results of this side-by-side study

are presented in Table 9, and show generally good

correlation between the two methods.

A set of 10 minute high volume particulate ajir samples
were taken to determine both short~1lived radon daughter

concentrations and long-lived gross alpha activity. Sample

results are shown in Table 10. The higheSt'iévels were

detected in November, 1980, near and inside the Shuman

building. Only these two samples exceed MPC for radon

* daughters for unrestricted areas.

In addition to the routine 10 minute samples, five 20
minute high volume air samples were taken and counted
immediétely_ on the IG gamma spectroscopy system, The
purpose of these analyses was to detect the pPresence of

Rn-219 déughters. All samples were taken near surface

contamination and are listed in Table 11. 1In addition to

Rn-222 daughter gamma activities, Rn-219 daughters were
detected by measuring the low abundance gamma rays of

Pb=-211, Concentrétions of Rn—219 daughters ranged from

6E~11 uCi/cc to 9E~10 uCi/cc.
(F) Vegetation Analysis

Vegétation‘samples included weed samples from on-sjite

locations  and farm crop samples (winter wheat) from the

18



northwest boundarf of the landfill. This location was
chosen due to possible run off from the fill into the farm

field., No elevated activities ﬁeré-found in these samples.
(G) Non-Radiological Analysis

Six composite samples were submitted to the RMC
" Environmental Chemistry Laboratory for priority pollutant
analysis. Five samples were taken from auger holes (one
from Area 1 and four from Area 2) and the sixth from the
West Lake leachate treatment plant sludge. The ‘results,
shown In Table 12, indicate a significant presence of
- -organic solvents in Area 2 samples. The results of the
leachate sludge analysis were not as high as any of the soil

samples..

A chemical analysis of radioactive material from both
. areas was also performed by RMC labs and reported in Table
13, Results show elevated levels of barium and lead in most

cases,

* (H) Background Measurements and Remedial Action Criteria

PR

Various'off;gite locations were selected for reference
background measurements. The results of these measurements
are summarized in Table 14, and can 'Be compared with the
established NRC target «criteria for remedial action, for

this project, shown in Table 15,
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V. CONCLUSIONS

Based on survey results, it is evident that the Wwest
Lake Landfill contains two areas of surface and/or
subsurface contamination. These deposits yield detectable .
external radiation levels in both areas. However, only an
area of less than 0.1 acre in Area 1 exceeds 20 uR/hr,
while aboﬁt 8 acres in Area 2 exceeds the 20 qR/hr criteria,

The highest reading detected in the most recent survey was

1.6 mR/hr in Area 2, near the Shuman Building.

Analyses of soil samples from both areas, as. well as:, .

~in_situ measurements, show that the contaminants?p:esent at

West Lake consist of wuranium and uranium 'daughteré.
Chemical analyses reveal high concentrations of barium and
sulfates in the radioactive deposits. These results tena to
confirm the reports that this contamihated material is
uranium.and uranium ore, contained in leached barium sulfate
residues, and presumably transferred from the Latty Avenue

Site in Hazelwood, Missouri.

Analysis of soils also shows a high Th-230 to Ra-226¢
ratio. ‘ Since the target criteria for Ra-226 is the most
restricﬁive of those contaminants present, =it has bgén
assumed that Ra-226 would be the controlling rédionuclide'
for remedial action determinations. However, since Th-23¢
levels may be from 5 to 50 times highe; fhén Ra-zzé
concentrations, this assumption may Ibe erroneous. It-fis'

likely that high concentrations of .thorium resulted from




separation of both uranium and radium from the ores, thus
"depleting"” the ores of uranium and radium, or, "enriching"
the residues in thorium. This "enrichment" would also be
evident in the U-235 chain, despite the short half-lives of
Th-227 and Th-23i; since the long-lived Pa-231 would remain.
in the fesidueé.vThe concentrations of Pa-231, inferred from

Ra=223 determinations, are also shown to be high,

Auger hole measurements show that neérly ‘all the

contamination - present is  located below the, landfill

surface,although a few locations near the northwest berm in

Area 2 show surface, or near surface, deposits. These
deposits range from 2 to 15 feet in thickness, and appear to

form ‘a contiquous layer covering an area of about 14 acres

T_(68)0001jsq.yd;)_,in Area 2 and about 2 acres (10,000

sq.ya.)ih' Area 1. If an average thickness of 2 yards is

assumed, the estimated total volume is 150,000 cu.yd., which

L correspdﬁds to roughly 170,000 tons of soil. This implies

that 1€ ﬁhe source of contamination was the Latty Avenue
material, the " original volume of 40,000 tons has been
diluted by a factor of about 4, which is not unexpected,
with the contiﬁ&él movement and spreading of materials

during fill operéfions.

As diScussédfbreviously, the auger hole measurements.

" detected deposits exceeding 5 pCi/qg Ra-226 within a few feet

of the surface, in areas where surface external radiation

levels were indistinguishable from normal background levels.
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These results confirm suspected difficulties in detecting

buried materials with surface measurements, even when using

relatively sensitive portable survey instruments.,

At no time has radioactivity in off-site water ,samples.
been':;above- .any applicable gquidelines, These results
ihdicété that'ﬁhe buried ore residues are probably not
,_solubieihand até not moving off-site via ground water. On-
siteISQﬁéles have shown some gross beta activity above EPA
drinking wateruguidelines (attributable.to K—40yg'ﬁowevef,
gross alpha and Ra-226 levels are within limits, The
absence of siénificant contamination in the leachate liquid
or siudge is cdh§isEént with the implication that the buried

material 1is not moving through the landfill.

As would be expected, radon flux emanation rates were
highest at ioCations of surface, or near surface,
contamination. At locations where the material is covered
by several feet of fill, flux levels are near background

rates,

fa?ﬁiaﬁfété.féir samples established indicated the
presence . of Rn¥222 and Rn-219 daughters near the locations
of surface deposits, However, concentrations are very low,
and d6? h6t exceed allowable levels for unrestricted areas,
except.in one 1océ£ion. In general, cover of a few feet 6f

f£ill reduces airborne concentrations to near background,

levels,




rneme - —

Tﬁé:faegitﬁét;ﬁgét Lake is an active landfill presents
%éQera1 'i§ériohs-jfﬁrobiems for performing radiological
_agéessméhégi;nd"teﬁééiél actions. In the first place, as
ﬁhe ,_landfill conditions change, so do the surface
fédiologiééi_charactéiistics. These changes were evident in
;Ehe reduction of radiation levels in Area 1 between November

:1980, and May 1981, It is possible that future landfill

activities' will obscure all detectable surface radiation

 fleve1s'at the site;
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Figure 12. Location of subsurface contamination and surface radiation levels, Area 1.
The shaded area shows a lateral contour for 5pCi/g Ra-226, regardless of

depth. The cross hatched area shows the surface locations which exceed
20uR/hr at 1 meter.
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Figure 16. Cross section B-B (from Figure 9) showing subsurface deposits in Area 1.
The blackened areas indicate the estimated extent of contamination exceed-
ing 5pCi/g Ra-226, based on surface and auger hole measurements.
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5pCi/q Ra-226, based on surface and auger hole measurements.
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Table 1

Grid
Location

Gamma Radiation Levels and Beta-Gamma
Count Rates at Grid Locations in Area 1

Nal Exposure Beta~-Gamma Count
Count Rate Rate Rate w/window
(c/min) (uR/hr) {c/min)
1000 10 30
900 9 60
1200 11 30
800 8 40
800 8 20
1200 11 20
800 8 40
760 7 40
1100 10 50
1200 11 40
1000 10 50
1100 10 50
1200 11 40
1100 10 40
1200 11 30
900 9 40
900 9 20
1100 10 40
1200 11 30
900 9 40
1000 10 40
1200 11 40
2000 16 40
2700 20 50
2100 17 40
1500 12 60
1000 10 40
800 8 30
1100 10 20
1000 10 30
900 9 40
1000 10 20
1200 11 30
1000 10 30
1600 - 13 €0
1300 11 40
2200 17 60
1300 11 30
- - 50
1100 10 40
300 9 30
1100 10 30
1200 11 S0

Beta-Gamma Count
Rate w/0 window
{c/min)
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Table 1,

Grid
Location

cont.

Nal
Count Rate
(c/min)

Exposure
Rate

(uR/hr)

P
VWO mWwWwoOWwwm

=
VWO oo

Beta-Gamma Count
Rate w/window
{c/min)
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Beta-Gamma Count
Rate w/0 window
(c/min)



Table 1,

Grid
Location

cont.,

Nal
Count Rate
(c/min)
1100
1000
900
900
1100
1000
1000
800
1000
1100
1000
1000
1000
900
1000
1100
900
900
800
900
1100
1000
1100
1000
1200
1000

Exposure
Rate
(UR/hr)

-—— et = —— -

Beta-Gamma Count
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Rate w/window
(c/min)

Beta-Gamma Count
Rate w/0 window
(c/min)
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Table 2

Gamma Radiation Levels and Beta-Gamma

Count Rates at Grid Locations in Area 2

Nal Exposure Beta-Gamma Count Beta-Gamma Count
Grid Count Rate Rate Rate w/window Rate w/o window

Location (c/min) (uR/hr) (c/min) (c/min)

BOOF 600 10 40 40
COOQE 600 10 20 20
COOoF 600 10 20 30
C00G 700 11 30 40
DOOB 800 12 - -
DoO0C 800 12 - -
DOOD 700 11 20 40
DOOE 500 9 20 20
DOOF 600 10 20 . 20
DOO0G 700 11 30 50
DOOH 800 12 50 50
DOOI 700 11 30 : 50
D00J 1100 15 30 40
EOCA 500 9 - -
EO0OB 800 12 - -
EQQC 800 12 - -
EOOD 700 11 - -
EQQE 700 11 30 30
EQOF 500 9 20 20
E0OG 500 9 30 30
EOQH 800 12 30 40
EOOI 700 11 30 30
EQ0J 900 13 30 30
FOOA 800 12 - -
FOOB 900 13 - -
FOO0C 800 12 40 ) 40
FOOD 900 13 30 30
FOOE 1000 14 30 40
FOOF 500 9 30 30
FO0O0G ' 800 12 40 40
FOOH 700 11 50 50
FOOI 800 12 30 40
FO00J 800 12 30 30
GOOA 800 12 - -
G0OB 900 13 : - -
G0oC 800 12 . 30 40
GOOD © 900 13 40 40
GOOE 700 11 30 40
GOOF 1000 14 30 40
G00G - 1000 14 40 40
GOOH 800 12 30 40
GOO0I 800 12 30 30
G00J 800 12 20 40 .
HOOA 800 12 - -
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Table 2, cont.

Grid
Location

NaI
Count Rate
(c/min)

Exposure
Rate
(uR/hr)

Beta-Gamma Count
Rate w/window
(c/min)

- —— - —— . ————

Le]

Beta-Gamma Count
Rate w/0 window
{c/min)




Table 2, cont.

Grid
Location

NalI
Count Rate
(c/min)

2500
>50000
7000
2300
1300
2100
700
>50000
1100
1500
1900
3700
8000
3600
5000
7000
1800
9500
900
1200
1300
1600
2000
3300
1000
1000
47000
2300
1000
900
1200
1100
1400
1400
900
1000
900
>50000
1500
600
1100
1200
1000
1000

Expoéufe,
Rate
(uR/hr)

'Beta-Gamma Count
Rate w/window
(c/min)

680
30
40
30

50
- 40
40
- 20
4800

20

40
30

49

Beta-Gamma Count
Rate w/o0 window

(c/min)

1000
2200
120
140

1020
30
50
50

60

50
40
5200
50
20

60
50



Table 2, cont.

Grid
Location

- Nal
Count Rate
{c/min)

Exposure
Rate
(uR/hr)

Beta-Gamma Count
Rate w/window
{(c/min)

180
600

sn

Beta-Gamma Count
Rate w/0 windoy
{(c/min)

200

700




Table 2, cont.

51

NaI1 Exposure . Beta-Gamma Count Beta-Gamma Count
Grid Count Rate Rate Rate w/window Rate w/0 window
Location (c/min) (uR/hr) (c/min) {(c/min)
T00Q 1500 19 30 40
TOOR 500 9 30 40
TOO0S 700 11 - -
UOOH 700 11 - -
Ud01 900 13 - -
UooJ 800 12 - -
UOOK 700 11 40 50
UooL 900 13 50 50
UCOM 1000 14 40 50
UOON 2800 29 100 140
uooo 3500 34 20 80
* yoop >50000 450 1300 1500
uooQ 35000 170 400 720
UCOR 1500 . 19 40 40
uoos 1000 14 - -
v0ooJ 800 12 - -
VOOK 900 13 40 40
VooL 1000 14 50 50
VOOM 900 13 40 40
VOON 900 13 40 40
V000 13000 85 500 500
voop 4700 42 70 70
vo0Q 12000 80 170 190
VOOR 5000 44 100 100
v00Ss 700 11 - -
WOOK 800 12 - -
WOOL 800 12 30 30
WOOM 800 12 30 30
WOON 900 13 40 50
w000 1000 14 50 50
WooP 2100 120 600 800
W0QQ 40000 190 900 1100
WOOR 20000 115 140 170
W00Ss 1100 15 - -
X00K 900 13 - -
X00L 1100 15 - -
X00M 1100 15 40 40
X00N 1000 14 40 40
X000 1100 15 .30 50
X00P 4000 37 120 160
X00Q 12000 80 300 400
* XO00R 50000 740 1900 2000
X00S 1500 19 - -
YOOI 1000 14 - -
Y00J 1300 17 - -
YOOK 1600 20 - -
YOOL 1600 20 - -



Table 2, cont.

Nal Exposure Beta-Gamma Count Beta-Gamma Coupg -

Grid Count Rate Rate Rate w/window ' Rate w/o windoy ~
Location (c/min) (uR/hr) (c/min) (c/min)

YOOM 1100 15 40 40

YOON 3000 30 30 50

Y000 1700 20 40 50

YOOP 2100 24 40 60

¥Q0QQ 9000 66 200 280

YOOR 40000 190 1000 1400

Y00S 3600 35 - -

Z001I 800 10 40 40

Z00J 1000 14 40 50

Z00K 1800 21 70 90

Z00L 3200 32 80 80

Z00M 3700 35 120 T 150

ZOON 5000 44 110 130

2000 3300 32 80 120

Z00P 1900 22 50 60

200Q 2400 26 50 60

Z00OR 12000 80 300 380

Z200S 2600 27 - -

a0l 500 13 40 50

aoog 900 13 20 40

al00K 1300 17 50 90

a00L 1800 21 60 80

a00M 1900 22 120 140

a0oN . 1200 16 90 100

a000 1300 17 40 40 i

adop 1000 14 20 30 2]

a00qQ 2200 24 60 60

a00R 2300 25 70 100

aogos 2600 27 - -

b001I 900 13 - -

b00J 300 13 - -

b00P 800 12 40 50

b00Q 700 11 30 70

bOOR 2400 26 60 90

b00S 2400 26 - -

cOON 700 11 - -

c000 700 11 40 40 .

c0op 1000 14 50 50 !

c00Q 1300 17 60 80 !

cO00R : 1900 22 50 80

c00S 1800 21 - -

d000 1400 18 40 - 60

doop : 30 50

dooqQ 30 60

dOoORrR 2000 23 60 70

d00s 2000 23 - -

dooT 500 13 - -
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Table 2, cont,

Grid
Location

Nal
Count Rate
(c/min)

Exposure
Rate
(uR/hr)

Beta-Gamma Count
R ate w/window
(c/min)

100

100
120
100
50
70
90
60
50
40

60

1060
120
100

50
40
30
60
50

60
80
50
70
300

180
110
50

53

Beta-Gamma Count
Rate w/0 window
{c/min)

—— - —— - ————

100

100

40

80

100
140
100
60
80
100
60
80
60

60

1080
140
100

60
40
50
60
50

90
110
90
100
420

260
140
60



Table 2, cont.

Grid
Location

Nal
Count Rate
{(c/min)

>50000
>50000
30000
800
1600
3000
2200
1400
1000
1500
800
900
2000
6000
10000
20000
16000
21000
1900
1200
1000

Exposure
Rate
(uR/hr)

175
1600
1170

155

60
20
30
24
18
14
19

13
23
49
70
115

120
22
16
14

Beta-Gamma Count

- —— ———— S ——
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Rate w/window
(c/min)

240
200
60
50

40
8000
40
60
90
110
1000
7200
2800
900
180
40
130

40
40
70
60
60
90
130
130
400
410
560
70
50
60

Beta-Gamma Count
Rate w/0 window
(c/min)

—— e e o = —— -
-

95400

110
110
1100
8400
3600
1120
300
40
180

60
60
70
60
80
90
160
180
420
500
700
90
60
60

el .

.




Table 2, cont.

NaIl Exposure Beta-Gamma Count Beta-Gamma Count
Grid Count Rate Rate Rate w/window Rate w/o0 window
Location (c/min) (uR/hr) (c/min) (c/min)
joov 1800 21 70 70
joow 1200 16 70 : 80
jo0X 1000 14 50 50
jooy 1100 15 60 60
kOOL 1000 14 70 70
kOOM 1100 15 90 : 110
kOON 1000 14 60 90
k000 1000 14 70 -90
kooPp 1100 15 80 110
k00Q 1400 18 40 _ 40
kOOR 7500 58 140 180
k00S 1100 15 50 ' 50
k00T 1100 - 15 30 50
k00U 1700 20 60 60
koov 1700 20 50 60
kOOW 700 : 11 40 40
kooXx 700 11 40 50
k0o0Y 1000 14 40 50
100L 900 13 70 70
100M 900 13 . 70 80
100N 800 12 70 70
1000 900 13 80 90
100P 700 11 60 70
100Q 900 13 50 50
100R 800 12 40 40
100s 1200 16 40 50
1007 - 1200 16 60 70
io00uU 1100 15 60 80
100V 900 13 30 40
m00O0 800 12 80 80
m00P 700 11 60 60
m00Q 700 11 40 40
mOOR 900 13 30 50
m00S 1000 14 40 40

* Reading >50,000 on NaI, reading was made with end window GM
_ tube with beta shield. :



Table 3

Location

Surface Soil Sample Radionuclide Concentrations
(pCi/g), by Gamma Analysis

Shuman Bld
Surface
Berm

Berm

Berm

Gravel Pile
Shuman Bldg
Gravel Pile
Area 2, Near Shuman Bldg
Off-site Bkg Earth City
Area 2, Duplicate
Off-site Bkg Earth City
Area 2, Road Surface
Leachate Treatment Sludge
Area 2, Near Berm

Area 1, Base 6 Near Road
Area 2, Near Berm

Area 1, Base 7 Near Road
Leachate Treatment Sludge
Area Y, Base 6 Near Road
Area 1, Base 5 Brown Soil
Area 1, Base 5 Black Soil
Off-site Bkg Taussig Road
Area 1, Base 5 White Soil
Area 2, Duplicate

Area 1, Hot Spot

Area 1, Low Level Area
Area
Area

- N

. East Berm

—— -

be214

Bi-214 Ra-223 Rn-219 Pb-211

Pb-212
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Table 3 cont.

Location. Sample
IOOL Area 1
SPEC Area 1, East Berm
POOH Area 1, Near Road
N6 2H Area 1
Ol1lJd Area 1, Near Berm
L73E Area 2, Side of Hill
KOOF Area 1
N6 2H Area 1, Fill
NOOF Area 1, Fill
J00G Area 1, Fill
K66E Area 1, Near Parking Lot
1001 Area 1, Fill

Pb-214

Bi-214 Ra-223 Rn-219 Pb-211 Pb-212

2.6E0 -——=== ———m—  —e—ee 2.3E0
2.6E0 ———m=  mmmme mmmmm —emee
3.3B0 —==m=  —mmmm meeee 1.8E0
4.7E0 -———m=  —mmme e 3.0E0
3.983 2.0E3 2.1E3 2.1E3 --——-
1.0e3 4.562 4.6E2 3,8E2 ----—-
3.5E0 ~——-= mmmm=  —emmm —m——-
3.1E0 —-=-= —memm —eeee 1.3E0
2.1E0 —mmm=  mmmee —meee 2.6E0
1.1E0 ——--=  mmmme e 1.5E0
1.3B1  —=mm=  mmmme emmee oo
3.8B0 -==-= e e 1.6E0
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Soil Radiochemical Analysis
Table 4

Bi-214 from Gamma Spectroscopy

————————————————— Activity pCi/gm-------=—cooemee

Sample U-238 Th-230 Bi-214
T (A1l +/- 25%) (AL +/- 25%) (B11 +/- 25%)
Area 1 Surface (1980) 3.8 82 2.1 ;
Area 1 Surface (1980) 12 597 25 E
Area 1 Borehole 1 (1980) 21 188 44 %
Area 2 Surface (1980) 175 6,095 1,488
Area 2 Surface (19805 18 338 9.4 %
Base 5 Surface (1981) | 101 178,000 19,000
Base 6 Surface (1981) 54 46,100 2,600
Borehole 11 (1981) 82 29,200 1,800
- N11J Surface (1981) 127 - 27,200 2,000
0113 Surface (1981) 1.0 - 52,000 _ 3,900
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Auger Hole NaI Counts and IG Analysis

Table 5
Borehole #1 Radionuclide Concentrations [pCi/g]

Depth Gross Nal Ra-226 Pb-214 Bi-214 U-238 Ra-223 K-40 Pb-211 Pb-212
00 >»50,000 1.6E1 1.6E2 1.7E2 1.6E2  ~—--on e e e
01 >50,000 7.5E2 6. .5E2 9E2 1.7E2  —=====  ——e— 1.4E2 = ——-mme-
02 >50,000 2.2E4 2.4E4 1.9E4  ——---= e eeeeo 4,2E3 = e
03 >50,000 4,0E3 3.0E3 4.,8E3  ——-eee 1.1E3  —————— 2.1E2 = —e—e——
04 >50,000 1.3E3 1.2E3 1.4E3 9,3E1  —-=-me e e e
05 20,000 2.,4E1 ——————— 2.4E1  ——-eme e 8.0E0  ~——=—= eme———
06 4,500 3.9E0 3.5E0 4 .3B0  —eeemm e 1.1E1] e ——————
08 2,200 2.3E0 2.3E0 2.2B0  ———-m= e 1,481  ~-—--- 7.2E-1
10 2,000 2.3E0 2.4E0 2.2E0 ~—-eem mmmeem 1.3E1  ——=——- 8.3E-1
12 1,500 1.9E0 2.2E0 1.6E0 == omeme 1.3E1]  ~————— e
14 1,300 1.8E0 1.9E0 1.7E0  —=——===  —————- 9.7E0  ~————- 6.3E-1
16 800 1.3E0 1.2E0 1.3B0  —~=rmem e 1.0E1  -————- 3.9E-1
18 800 1.2E0 1.6E0 8.0E-1 ~—————= - 3.3B0  --———- 3.0E-1
20 800 8.1E-1 7.4E-2 8.7E-1 —————— - 1.0E1]  -==——- 3.2E-1
22 500 6 .5E-1 4.0E-1 9.0E-1 ~—----e- e 2.5B0  --=---=  —mm——-
24 150 2.5E-1 2.8E-1 2.1E-1 === e 1.5B0  -————--  cem———
26 1,000 6.3E-1 7.2E-1 5.4B-1 ~—————=  —————- 6.3E0  —-mm-- 3.1E-1
28 1,300 8.7E-1 8.4E-1 8.9E-1 - l1.2E1  —-————- 5.7E-1
30 500 4 ,3E-1] ——————- 4.3E-1 = e 3J.0E0  ~-——=—- 2.1E-1
32 700 1.3E0 1.E0 1.2E0  —===-=  ~—————- 6.1E0  ~—~——- : 4,2E-1
34 1,400 2.4E0 2.5E0 2.2E0 ———-=- e 6.1E0  ~—-=—-- 5.4E-1
36 1,800 1.4E0 1.5E0 1.2E0  ———--—=- S 1.2E1 o

Borehole #3 Radionuclide Concentrations [pCi/g])

Depth Gross Nal Ra-226 Pb-214 Bi-214 U-238 Ra-223 K-40 Pb-211 Pb-212
00 >50,000 8.4E2 7 .8E2 8.4E2  ———=-—- L mmmmm—— e 6.4E1 = 0—————--
01l >50,000 1.5E4 1.3E4 1.9E4 1.,4BE3  —=====  ——mme— e e
02 >50,000 7.0E3 5.3E3 8.7E3  —————- Cmme e mmmm e mmmmem e e
03 1,400 2.3E1 1.4E1 3.2E1 = —=—-—>=  em——— 1.2E1 Rttt it
05 2,300 6.2E0 5.8E0 6.6E0 ———--—  ————=- B.9E0  —-———— e
07 3,000 4,7E0 4.9E0 4 4E0  ———--—=  ——-— —— 6 .9E0 -—-m-—=— e
09 1,800 3.5E0 4.2E0 2.8B0  ——-——- 3.6E0 8.2E0  ~--==== e
11 1,000 1.8E0 2.1E0 1.5E0 === -——-——~- 4.1E0  —-===—= = ee————-
13 600 1.7E0 1.4E0 2.0E0 ———=—=  memmmem —mmeem memeee - - ———

15 1,800 4.5E0 4.6E0 4.4E0  —————= 4.7E0 4.2E0 2 —————= -

ok
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Table 5, cont.

Borehole #3, cont. Radionuclide Concentrations [pCi/g]

Depth Gross Nal Ra-226 Pb-214 Bi-214 U-238 Ra-223 K-40 Pb-211 Pb-212
17 1,000 9.0E-1 1.1E0 7.3E-1 s e 6.4E0  ————-- 4.4E-1
19 500 2.9E-1 3.E-1 2.1B-1 ==~ 2.2B0  —m—eme e
21 500 5.0E-1 7.E-1 2.2B-1 e o 2.0E0  —mmemee e
23 700 1.0E0 1.1E0 B.7E-1 === 6.3E0  -~—~-——- 5.3E~1
25 600 3.3E-1 3.7E-1 2.9E-1  —mmm—m mmme i mmimt e
27 900 9.7E-1 1.1E0 8.4E-1 === e 6.5E0 @ —————- 5.4E-1
29 1,000 5.4E-1 4.8E-1 6 .0E-1] -~-——--~ @ e 7.6E0  ———een o

Borehole #4 Radionuclide Concentrations [pCi/g]

Depth Gross Nal U-238 Pb-214 Bi-214 Ra-226 Ra-223 K-40 Pb-211 Pb-212
00 >50,000 -—-—--———- 1.5E2 1.7E2 1.3E2 9.5E1 « —e—eee—- 9,91 @ 0——————-
01l >50,000 5.3E2 2.1E3 1.7E3 2.5E3 9.8E2  ~—mee- 1.2€3 = -
02 >50,000 —-——--- 1.2E2 9.E1 1.5e2  —-————-- 3.6E0 —————= e
03 14,000 -————- 2.8E0 2.1E0 3.5e0  —-————- 3.8B0 —————= e
04 2,900 -~--————- 1.6E0 1.6E0 l1.6E0  —---—-—- 3.6E0 @ —==—== e
06 1,100 --=-—-- 1.4E0 1.5E0 1.2E0 8.6E-1 4 .1E0  ——-———— e
08 1,200 -—----——- 1.7E0 1.9E0 1.5E0 9.0E-1 7.1E0  —~———= eee_—
10 1,500 --=---—- 2,7E 2.8ED 2.5E0 8.3E-1 9.3E0 3.860 @ ——————-
12 2,600 -—-——~=- c-o-—mmm- mmmmem mmmmmm mmmmem mmemee mmmeee e
14 1,500 --———- 1.7E0 1.6E0 1.7E0 7.0E-1 7.0B0  —~——-- —eee——
16 1,400 --—---- 1.0E0 1.2E0 8.4E-1 -—-—---- - e e
18 1,100 ---—-- 8.0E~1 8.E1-1 8.0E-1] ——-—m—- 8.5E0  ~—wu-- 3.8E-1
20 800 --—-——-- 7.6E-1 B.6E-1 6.6BE-1 —-——---  —mmem e e
22 1,100 ~—--=—=- 1.1E0 .1EO0 1.1E6  -—==-- 7.7E0 @ —=———- 4.1E1
24 1,200 @ --—-=-—- 7.5E-1 8.1E-1 7.0E-1 —————— l1.6E6-1 —~=-—- 3.5E-1
26 1,000 ----—- 4.8E-1 4 .2E-1 5.4E~1 —————- 6.6B0  —-~———- 3.0E-1
28 700 —————- 7.1E-1 7.2E-1 7.0E-1 —--—==  ——mmem —meeen el
30 1,300 -—-=—-—- 8.7E-1 9,.9E-1 7.5E-1 @ ——-——- 1.4E1  -—~———- 6.4E~1
32 1,500 -—--===-- 9.5E-1 9.5E-1 9,56-1 -—-——w-~ .51 e e
34 1,700 -—-=——- 1.9E0 2.2E0 1.6E0 - 1.3E1  ———=—- 5.5E-1

Borehole #5 Radionuclide Concentrations [pCi/qg]

Depth Gross Nal Ra-226 Pb-214 Bi-214 U-238 Ra-223 K-40 Pb-211 Pb-212
00 1,800 1.860 ---———- 1.7E0  -——==m= 6.3E0  ——-—-~-- e
02 1,500 2.5E0 2.9E0 2,0E0  --———~ 3.4E0 4.0E0  —----—= e
04 2,700 3.4E0 3.7E0 3.1E0  ~————- e 4.4E0 - —-~=-——= e

06 1,600 1.7E0 1.5E0 1.980  ---~-- —--——- 1.1E1]  —==——- 9.2E-1
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Table 5, cont.

Borehole #5, cont.

Depth Gross Nal
08 1,000
10 3,000
12 1,700
14 1,000
16 700
18 500

Borehole #6
Depth Gross Nal

00 2,000
02 2,000
04 3,200
06 3,500
07 6,000
08 26,000
09 >50,000
10 43,000
11 >50,000
12 16,000
13 2,600
15 1,100

Borehole 8
Depth Gross Nal

00 2,000
02 1,500
04 1,100
06 1,400
08 1,400
10 1,500
12 1,400
14 1,600
16 1,000
18 1,400

20 1,700

Radionuclide Concentrations [pCi/g]

Bi-214 U-238 Ra-223 K-40
1.0E0  —=====  —m—eee 1.0E1
4.3E0  —m-mm= e 4.7E0
2.3E0 ——=—-=  —mmeee 2.9E0
2.3E0  ——=mmm meeeee 3.0E0
1.1E0  ————== ———meo 2.1E0
1.1E0 ————==  —————- 2.1E0
Radionuclide Concentrations [pCi/qg]
Bi-214 Ra-226 Ra-223 K-40
8.3E0 6 .4E0 7.4E0 9.4E0
3.0E1 .0E1 2.0F1  —————-
2.2E1 2.1E1 1,91  —-———--
1.7E1 1.3E1 8.1E0 —-=—-=—-
2.2E1 2.1E1 1.81  —————-
4.1E1 4.0E1 3.,6E1  —=———=
5.3E1 6.3E1 4.1kl  —————-
2.8E2 2.3E2 2.0E2  ——=——-
9.1FE1 1.1E2 3.9 @ -————-
7.2E0 5.5E0 4.4E0 8.5E0
Radionuclide Concentrations [pCi/g]
Bi-214 Ra-226 Ra-223 K-40
4.0E0 3.4E0 1.5E0 5.2E0
1.5E0 1.3E0 . ~=—~——- 6 .5E0
1.2E0 9.,2E-1 ——=——- 4.7E0
1.1E0 1.1E0  —-===—- 1.1E1
1.1E0 l1.,1E0  -==——- 1.1E1
1.2E0 l1.1E0  -—~——- 1.1E1
1.1E0 1.3B0  ~—=——- 1.3E1
1.1E0 1.1E0  —-—=——- 1.5E1
1.3E0 8.2E-1 —-—-—-- 1.1E1
1.4E 1.1E0  -————- 1.4E1
2.0E0 1.6E0 l1.1EF0  -=———-

Pb-211

Pb-211

Pb-212

Pb-212
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Table 5, cont.

Borehole #9 ' Radionuclide Concentrations {pCi/g]

Depth Gross Nal U-238 Pb-214 Bi-214 Ra-226 Ra-223 K-40 Pb-211 Pb~-212
00 1,400 -—-————- 2.2E0 2.3E0 2,0E0  ~--m-- e e 3.2E-1
02 22,000 . 4.6E1 5.6E1 5.6E1 5.5E1 3.5El1 1.1F1 3.1E1] e
03 11,000 —~--—- 5.4E0 4.2E0 6.5B0  ~—-—-- 1.2E1 = ———=== e~
04 2,000 —~————- 1.3E0 1.3E0 1.4E0  ~—=—-- 9.3E0  —————= e
06 600 —————- 7.0E-1 8.4E-1° 5.6E-1  ~~-——- 3.8E0  ———m-—  —m——eee
08 1,000 —----- 9.8E-1 7.8E-1 1.2E0  ~=—=——- 6.1E0  —~———=—  —mmee
10 900 —-——--- 8.0E-1 9,56-1 6.5E-1  ~-———- 5.EO0 1.6E0  ————mm-
12 1,000 _ -——--- 1.1E0 1.3E0 1.0E0  ~-—-——- 8.1E0  ——-——- 3.4E-1
14 . 700  2.7EO 7.7E1 8.3E-1  7.0E-1 —--—-- 4,980  —-—-e- 5.0E-1
16 1,100 ~—==-—- 1.0E0 1.0E0 1.0E0  ~—====  —omem e 4.7E-1
18 1,300  =——-==  mmmmmm= mmmeem e el eem s e
20 1,000 7.6E-1 1.1E0 1.2E0 9.8E-1 —-——-- 8.7E0  —=—=-=  —em———
22 1,200 —-=———- 1.3E0 1.3E0 1.2E —~———- 9.560  -—--—- 5.3E-1

Borehole #10 Radionuclide Concentrations [pCi/g])

Depth Gross Nal U-238 Pb-214 Bi-214 Ra-226 Ra-223 K-40 Pb-211 Pb-212
00 7,000 —--=——- 3.5E0 3.3E0 3.7E0 9.4E-1 3.6E0  —-———-= e
01 35,000 --———- 1.4E1 9.2E0 1.8E1 4.4E0 3.6E0  ———--—
02 >50,000 -—-———--- 4,2E2 3.7E2 4,862 -——-—-- —--mm= —mmmee e
03 >50,000 —--=--—- 4.8E2 4.4E2 5.2E2 == - - e
04 35,000 ~—————- 2,.5E1 . 1.8BEl 3.1 - = —-em—— —m—e—
05 13,000 ------ 9.4E0 8.3E0 l1.E1 ===  —mm-—= e —ee e
06 4,500 -—--———- 1.2E1 1.4E1 1.0El 3.9B0 2  ----—- 5.0E0 3J.1E-1
08 2,000 --=—-- - 1.3E1 1.1E1 1.5E1 mm———— mmeee- Com—— 2.4E-1
10 1,800 7.3E1 1.2E2 1.3E2 1.0E2 7.0 @ -————-- 4,51 = 0—-—=—--
12 2,000 1.2E1 1.6E1 1,.8El 1.3E1 1.1E1 4,.2E0 }.1JE1 =
14 500 4,9E0 5.1E0 6.1E0 4.0E0 2.7E0 3.0E0  -~———~- = —m————-

Borehole §11 Radionuclide Concentrations [pCi/g]

Depth Gross Nal Ra-226 Pb-214 Bi-214 U-238 Ra-223 K-40 Pb-211 Pb-212
00 >50,000 8.4E1 6.6E1 1.0E2  ~—=—m-- 2.2E1 5.6E0 --—---  —=-e——-
01 >50,000 3.6E3 2.9E3 4.4E3 7.782  -—=-—= - —emee— —mm e
02 >50,000 1.3E4  ~—--—--- 1.3E4 2.9E3  —mmmm- —mmmmm —mmeem e
03 >50,000 1.7E3  1.1E3 L
04 30,000 7.0EO 5.3E0 B.6E0  —==m=-=  —-=mmm —eeemo —omoeo e
05 22,000 4.9EO 4.6E0 5.2B0 @ ———-—- 3.6E0 1.3E1 7.1E0 . 7.4E0




Table 5, cont. '“‘a

Borehole #11, cont. Radionuclide Concentrations [pCi/g]
Depth Gross Nal Ra-226 Pb-214 Bi-214 U-238 Ra-223 K~-40 Pb-211 Pb-212
06 20,000 7.1E0 7.4E0 6.7E0 ~—e—e- -4.6E0 1.5E1  -—----
07 20,000 8.3E0 8.8E0 7.8E0  —m—---m e 1.1E1] - L
08 20,000 1.3E1 1.5E1 l1.2E1  -————- 2.0E1 1.0E1 5.8E0 @ ——————- i
09 .20,000 —-==== mm————= mmmmem mmmmmm mmmmee e e mmmm e :
Borehole #16 Radionuclide Concentrations [pCi/g]
Depth Gross NaI U-238 Pb-214 Bi-214 Ra-226 Ra-223 K-40 Pb-211 Pb-212
02 6,000 1.3E1 1.4El 1.6E1 1.1E1 4.3E0 6.2E0 6.1E0 = ————-——-
03 9,000 -—~-—-- 1.8E1 2.2E1 1.5E1 6.9E0 7.9E0 8.8E0 ———————
04 33,000 2.8E1 5.0E1 5.9E1  4.2El 2.0E1 5.0E0 l1.6E1 = ——=———m
05 48,000 6.5E1 1.1E2 1.3E2 9.8E1 5.6E1 1.0E1 3.7E1 = —eeem -
06 35,000 --——--- 1.2E2 1.4E2 1.0E2 7.8E1 6.7E0 4,3E1 = ——mm——-
07 9,000 ------ 4.8E1 5.5E1 3.1E1 3.1E1  -———-- 2.0E1 8.2E-1
o 08 6,000 1.2E1 1.4E1 1.5E1 1.2E1 4.8E0 3.7E0 === e
w 09 15,000 ------ 1.5E1 1.7E1 1.3E1 7.0E0 4.1E0 5.5E0 @ ——mee---
10 35,000 ----—-- 5.8E1 6 .6E1 5.0E1 7.5E1 2.3EC 2.5E1 @ —--———-
11 >50,000 1.7E2 3.8E2 4.5E2 3.1E2 l1.7E2 -==——- 1.4E2 8.5E-1
12 >50,000 1.9E2 5.1E2 6.0E2 4,862 °~ 3.0E2  --——-- 1.4E2 2.8E0
13 >50,000 1.2E2 2.4E2 2.4E2 2.4E2 7.2E1 = —————- 2,6E1 = ——————-
14 >50,000 3.3E2 5.4E2 4.7E2 6.0E 2.4E2 —————— 4 0E2 = ———--—-
15 >50,000 —------ 9.2E3 6.9E3 1.1E4 —mmmmm mmmmmm mmmmem e
16 >50,000 --—-—-- 7.7E3 6.1E3 9,2E3  -=---~= —m-=-= —-mmem mmmme o
17 37,000 --—---—- 8.2E1 8.1E1  B8.3El 1.6E1 5.7E0 2.6E1 @ —————--
18 8,000 --—--- 2.9E1 3.0E1 2.7E1 6.1E0  -—--——- 1.51 = ——————-
19 6,000 1.3E1 3.4E1 4.2E1 2.6E1 1.52  --—--- 1.9E1 -
Borehole #17 Radionuclide Concentrations [pCi/g]
Depth Gross Nal U-238 Pb-214 Bi-214 Ra-226 Ra-223 K-40 Pb-211 Pb-212
00 700 —-—--- 1.2E0 1.1E0 1.2E0 —————— 4 .40  -—---—- -
02 600 —--—--- 5.4E-1 5.3E-1 5.4E-1 —--—=- 2.3E0  --—--- 1.3E-1
04 300 ------ 3.3E-1 3.7E-1 2.9E-1 —---——- 1.860  -—————- 1.8E-1
06 250 ------ 2.6E-1 2.4E-1 2.7E-1  —-==-- 1.980  ——==== e !
08 300 -——-—- 2.4E-1 2.9E-1 1.9E-1 ———em— memmem mmmes e
10 300 ------ 2.9E-1 3.6E-1 2.2E-1 ——-—--- 2.0E0  --==-= —me———-
12 400 -—---- 2,7E-1  ————-- 2.7E-1  --—-~- 3.0E0  ~---—- 2.1E-1
14 700 —---—--- 5.9E-1 5.3E-1 6.56-1 —-——~- 4.7E0  —————- 6 .5E-1 ’
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Borehole #17, cont. Radionuclide Concentrations [pCi/qg]
Depth Gross NaI U-238 Pb-214 Bi-214 Ra-226 Ra-223  K-40 Pb-211 Pb-212
16 1,500 --—---- 1.2E0  -=---- 1.2E0  ~——-—- 1.E] —————— e ¢
18 800 -—-—-- 1.5E0 1.5E0 1.4E0  ~———-~ 5.3E0  —————— em—— N
20 3,000 --—---- 8.5E0 9.0EQ 8.0EQ 2.9E0 6.5E0  ——--=—  —mmme ;
22 1,000 =------ 1.6E0 1.7E0 1.580  —=~==—- 4.3B0  —=---= e P
Borehole £18 Radionuclide Concentrations [pCi/g] :
Depth Gross Nal U-238 Pb-214 Bi-214  Ra-226 Ra-223  K-40 Pb-211 Pb-212 i
0o 1,000 —-——===  —m=———m  ——mmme mmmmem mmmmem e e e
02 1,500 ------ 1.3E0 1.3E0 1.2E0 7.2E-1 7.8E0  ————==  —eeme
04 : 1,100 -=-—-- _ 9,3E-1 1.0E0 8.3E-1 —-—=-=  —emeee —memmm e 3
06 1,000 —-=-=-- 9.9E-1 1.1E0 8.8E-1 ---—-—- 6 .90E @ ~——=-—  ——————
08 600 --—--- 4.1E-1 3.3E-1 4.86-1 ——-—-—- 2.5B0 @ ~=—--— e
10 600 ------ 5.7E-1 6.5E-1 4.9E-1 --—-—- 2.5E0 @ —~-——— mee——
12 1,100 -—-=-=——- 7.7E-1 9.4E-1 6.1E-1 -—-=-==  ——me—e e e
14 1,000 —--=—-- 6.7E-1 7.2E-1 6.1E-1 -—-~----  c—meem —————— e
16 1,000 ------ 7.6E-1 1.0E0 5.0E-1  ~=====  ——m=ee ————e 4.8E-1
18 1,200 =—=-~=== —m—m===  —ee—mm mmmmem mmmmmm —mmmmm mmmemm —mmee e
Borehole #19 Radionuclide Concentrations [pCi/g]
Depth Gross Nal U-238 Pb-214  Bi-214 ' Ra-226 Ra-223  K-40 Pb-211 Pb-212
00 1,000 ------ 1.3E0 1.4E0 1.380  —--—-- 1.6E0  —=—=m= e
02 1,700 -—---- 3.9E0 4.3E0 3.4E0 2.1E0 4.4E0  -——--- 4.1E-1
04 2,100 ~------ 3.9E0 4.2EG 3.580  —--——- 1.4E1  —=—=—-- 8.1E-1
06 4,400 -——-—- 6.0EQ 6.3E0 5.8E0 2.3E0 1.0E1]  --—--- 8.6E-1
07 28,000 3.3El 3.7E1 3.5E1 3.9E1 2.2E1 1.3E1 2,561  ——meem-
08 >50,000  4.2E1 3.4E2 3.4E2 3.4E2 2.3E2 7.5E0 2.3E2 ——meee-
09 17,000 2.7El 1.9E1 1.7E1 2.2E1 5.3E0  -——--- 1.3E1  ——memee
10 4,600 —-—--- 4.2E0 3.9E0 4.4E0  -—----—- 6.1E0  ———--=  ——mm——-
12 1,000 —-=—-- 6.5E-1 6.0Ec1 7.0E-1 ~——-—- 4,980  ———=m=  mmmmmee
14 600  ---—-- 8.6E-1 1.1E0 6 .4E-1 = ——---—  ——m-—— - 2.1E-1
16 500  ——-—-- 6.4E-1 7.1E-1  5.7E-1  —-—=-- 2.4E0  —=—=m=  —mmeme-
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Borehole #20

Depth Gross Nal

00
01
02
03
05
07
09
11
13
15
17

Borehole #21

Depth Gross Nal

t.

—— = ———

10,000
23,000
9,000
2,200
900
700
1,000
1,600
1,200
1,100
500

14,000
13,000
1,300
1,300
7,000
46,000
>50,000
>50,000
>50,000
32,000
9,000
4,300
6,000
7,000
7,000
10,000
8,000
,000
3,500
3,000

U-238

- — - —
—— —— i —

-——————

———— ———

Radionuclide Concentrations [pCi/g]

Bi-214 Ra-226 Ra-223 K-40
3.8E0 1.4E1 6.9E0 6 .8EQ
6.8E1 7.6E1 4.3E1 1.0E1
9.9E0 1.7E1 2.9E0 8.2E0
—————— 2.7E0 —————- 6.0E0
1.4E0 1.1E0  -—=-v=  ———m—-
1.2E0 1.1E0  -=———- 9.9E0
2.0E0 1.0E0  -~———- 1.5E1
1.9E0 1.880  -——-—- 2.7E1
1.3E0 ~—=—~m  —mmm—m e
1.3E0 1.1E0  -=-=——- 1.8E0
7.7E-1 6.4E~1 —--———  —————-
Radionuclide Concentrations {[pCi/g]
Bi-214 Ra-226 Ra-223 K-40
4,2E1 2.7E1 - -
1.3El 1.2E1 3.2E0 1.8E0
9.5E-1 1.4E0  -———--- 2.1E0
1.3E0 1.380  ---———  ———~—-
5.2E0 5.6E0  —--———=  —--~--
6.0E1 6.4E1 3.2E1 9.2E0
5.4E2 7.8E2  ——-m-— -
2.8E3 3.7E3 8.3E2  --—~—-
6.7E1 7.9E1 2.9E1  -——~--
3.6E1 3.5E1 9.3E0 8.2E0
2.8E1 2.0E1 1.9E0 5.6E0
1.7E1 1.2E1 . —---——- 3.3E0
6.2E0 5.4E0  ---——- 5.9E0
8.8E0 7.3E0 3.8BE0 1.1E1
1.5E1 1.1E1 6.1E0 1.1E1
1.3E1 9.4E0 5.3E0 9.4E0
7.2EC 5.7E0 3.2E0 4.4E0
7.1E0 5.2E0 3.7E0 3.1E0
6.4E0 4.4E9 2.7E0 3.0E0
8.3EQ 5.5E0 4 . 4E0  -——-—-

Pb-211

—— —————
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Borehole #22 Radionuclide Concentrations [pCi/g]

Depth Gross Nal U-238 Pb-214 Bi—-214 Ra-226 Ra-223 K~40 Pb-211
00 10,000  ~———-- 2.4E1 2.7E1 2.1E1 1.6E1 2.7E0 —-n——-
01 13,000 2.0E1 3.2E1 3.8E1 2.5E1 1.5E1 5.9E0 1.7E1
02 11,000 1.9E1 2.8E1 3.2E1 2.5E1 1.6E1 4.1E0 1.5E1
03 4,300 —-———- 5.6E0 6 .3E0 4,9E0 2.2E0 4 .10  ————--
04 5,500 -—————- } 1.1E1 1.2E1 8.8E0 5.9E0 6.50  ————-—-
06 4,500 ———m—- 8.1E0 9.4E0 6.7E0 5.4E0 3.8E0 5.7E0
07 5,000 9.4E0 8.9E0 1.0E1 7.3E0 5.4E0 6.3E0  ————-—-
08 5,000 1.0El1 1.0E1 1.3E1 8.4E0 7.1E0 3.7E0 6.6E0
10 4,300 —————- 1.5E1 1.8E1 1.2E1 7.3E0 2.8E0 5.EO0
12 7,000 -—————- 1.4E1 1.7E1 1.1E1 = e 4,1E0. ———-—--
13 4,000 1.5E1 1.4E1 1.6E1 1.1E1 6.9E0 2.9E0 6.1E0
14 7,000 9.1E0 1.3E1 1.6E1 1.1E1 4.7E0 4 . BE0O  —~—-m——-
15 9,000 ~————- 2.3E1 2.9E1 1.7E1 1.3E1 3.7E0 1.0E1
16 8,000 -~————-—- 2.3E1 2.8E1 1.9E1 1.6E1 2.0E0 1.1E1
17 3,500 7.3E0 7.4E0 8.3E0 6.4E0 5.0E0 2.3E0 ~————-
18 7,000 1.8E1 1.8E1 2.0El 1.5E1 6.1F0  —=--mm e
19 9,000 ---—-—- 1.7E1 2.0E1 1.4E1 1.2E1 3.8E0  ——~—~-
20 13,000 -—-——-——-—- 3.5E1 4 .0E1 3.0E1 2.5E1 3.7E0 1.5E1
21 10,000 —==——- 1.1E1 1.1E1 1.1E1 3.5E0 3.6E0 @ —-—-—--
22 24,000 ~--—--- 1.9E1 1.6E1 2.1E1 4.1E0 4.3E0 6.3E0
23 >50,000 -———---- 5.8E3 5.8E3 5.8E3 3.0E2  ~-———- 2.6E2
24 >50,000 -————-—- 7.0E2 6.4E2 7.5E2 2.9E2  —-———- 3.3E2
25 >50,000 -~-=—-- 6.4E2 6.4E2 6.4E2 3,6E2  -—-—-—- " 3.4E2

Borehole #31 Radionuclide Concentrations [pCi/g]

Depth Gross Nal U-238 Pb-214 Bi-214 Ra-226 Ra-223 K-40 Pb-211
00 1,200 --—-——- 6.5E-1 5.6E-1 7.4E-1 @ ——-————- 7.860  ——-——-
02 900  —-—--—- 5.6E-1 5.9E-1  5.3E-1  ———mm=  ——mmm= —mmeeo
04 1,500 ~—---- 9.1E~1 9.3E-1  B8.9E-1  -—-i-- 6.5E0 1.7E0
06 1,000 ————-- 6.3E-1 6.4E-1 6.3E-1 ------ 6.1E0  ————-m
08 800  ~—-——- 5.1E-1 4.5B-1 5.7E-1  ——===m  —em—mmm —mmee
10 800  —————- 4.9E-1 5.2E~1  4,5E-1 —m—me=  —mmmem —mmeee
12 1,500 ——m—m- 3.7E-1 3.7B-1  ——m===  ———eee 3.7E0  —————-
14 1,100 ——-—-- 7.1E-1  ---——- 7.1E-1  ————-- 1.3B1  —-——m-
16 1,000 ————=- 5.1E-1  ———=—- 5.1E-1  ——---- 4.0B0  ————--

18 1,500 8.5E-1 8.1E-1 8.6E-1 7.7B-1 —————- 8.1E0 -
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Borehole #31, cont. Radionuclide Concentrations [pCi/g]
Depth Gross Nal U-238 Pb-214 Bi-214 Ra-226 Ra-223 K-40 Pb-211 " Pb-212
20 600 ———-——- 4.9E-1 4.8E-1 5.0E-1 ———--- e - 6.2E-1
22 1,300 ~—=--- 7.1E-1 8.4E-1 5.9E~1 ===  ——e-me e e
24 1,300 ~-=-—- 1.1E0 1.1E-1 1.0E0 --————- 6 .2E0  —-———-= e
Borehole #32 Radionuclide Concentrations ([pCi/g]
Depth Gross Nal U-238 Pb-214 Bi-214 Ra-226 Ra-223 K~40 Pb-211 Pb-212
00 16,000 ~—-———-- 8.3E0 6.5E0 1.0E1 2.0E0 2.2E0 2 ——=—== e
01 >50,000 -—-—---—- 1.5E2 1.4E2 1.6E2 1,12  ~—=-—- 6.9E1 @ @ —-m-———-
02 17,000 —-—-=--—- 4.9E1 4.1E1 5.7E1 2.0E1 3.9E0 1.9E1 = —emeee-
03 5,000 ~————- 3.1E0 2.1E0 4 ,2B0  ~-mmmm mmmemm memmmee e
04 1,300 -—-—-—-- 3.1E0 2.1E0 4,20 == —m———= = e
06 1,760 --————- 1.7E0 1.9E0 1.480 -—---—- o - 3.1E-1
08 1,700 -————-- 1.9E0 2.2E0 1.6E0  -——--- 8.2E0  -—--—-—-- 3.8E-1
10 1,700 —==—-—- 1.8E0 2.0E0 l1.5e0  -~—~—- 1.2E1 === e
12 1,600 ———-—- 1.6E0 1.7E0 1,560  -=———- 1.,2E1  ————-- 6.0E-1
14 1,600 —-———-- 2.6E0 2.7E0 2.4E0 —————- —————- —————- ———————
16 1,800 —--—=—-- 1.7E0 1.5E0 1.980 ------ == - 7.1E-1
18 1,900 ~————-—- 9.3E-1 8.7E-1 9.9E~-1 @ ~--~—- l1.4E1  -———=—- 8.5E-1



Table 5, cont.

Borehole #2

Depth NaIl CPM
ft
co 700
01 1,300
02 1,000
03 1,000
04 1,400
05 1,000
06 1,400
07 1,400
08 1,300
09 1,200
10 1,000
11 700
12 800
13 800
14 1,200
15 ‘3,500
16 11,000
17 2,500
18 1,400
19 1,000
20 1,000
21 - 800
22 1,000
23 800
24 800
25 800
26 1,500
26 1,500
27 1,000
28 800
29 600
30 600
31 500
32 700
33 1,000
34 1,000
35 1,000

Borehole #13

00 900
01 1,300
02 : 800
03 600
04 700
05 400
06 500

Auger Ho

00
01
02
03
04
05
06

le NalI

(T1l) Counts

Borehole #7

—

>50,000
>50,000
550,000
23,000
7,000
3,600
1,300
1,000
1,000
1,100
1,000
1,100
1,200
1,400
1,200
1,200
1,400
1,500
1,700
1,700
4,000

—————
_____
—————
—————
_____
—————

Borehole #23

AQ

ft
00
01
02
03
04
05
06

07

08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Borehole #12

1,000
1,500
1,300
2,000
3,000
3,500
1,500
1,000
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Borehole #13

Depth NaIl CPM
ft
07 400
08 700
09 1,000
10 900
11 600
12 600
13 , 900
14 600
15 500
16 600
17 700
18 1,000
19 800
20 900
21 800
22 800
23 ' 700
24 900

Borehole $#25

00 1,200
0l 1,900
02 1,800
03 2,600
04 2,400
05 2,200
06 12,000
07 19,000
08 5,000
09 1,900
10 1,700
11 800
12 1,100
13 800
14 500
15 700
16 800
17 500
18 500
19 700
20 400
21 400
22 400
23 400
24 900
25 1,000

26 600

Borehole #23

Depth NaI CPM
ft
07 400
08 300
09 300
10 300
11 400
12 400
13 500
14 600
15 600
16 400
17 500
18 700
19 600
20 600
21 500
22 400

01 1,600
02 2,500
03 2,600
04 3,500
05 19,000
06 10,000
07 2,100
08 1,300
09 800
10 500
11 500
12 500
13 600
14 500
15 600
16 1,100
17 800
18 600
19 9500
20 1,200
21 1,000
22 1,200
23 900
24 600
25 500
26 800

Boréhole 24

Depth Nal CPM

ft

07 1,000
08 1,000
09 300
10 700
11 1,000
12 1,800
13 1,200
14 1,500
15 700
16 600
17 500
18 1,000
19 900
20 1,200
21 1,500
22 800
23 500
24 500

Borehole #27

01 1,300
02 1,800
03 1,200
04 1,200
05 1,300
06 600
07 700
08 300
09 300
10 600
11 700
12 700
13 600
14 1,000
15 1,300
16 800
17 500
18 500
19 400
20 500
21 500
22 700
23 1,000
24 1,000
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Borehole #25

Borehole $26

Depth Nal CPM
£t
27 500
28 500
29 600
30 500
31 600
32 700
33 900
34 600
35 800
36 1,500
37 1,500
38 1,000
39 1,000

Borehole #29

01 1,300
02 1,300
03 1,300
04 1,000
05 800
06 1,200
07 1,800
08 1,400
09 2,000
10 2,000
11 1,200
12 1,200
13 1,500
14 1,700
15 1,300
16 600
17 500
18 500
19 600
20 700
21 600
22 600
23 500

7N

01 600
02 600
03 800
04 300
05 500
06 400
07 500
08 300
09 600
10 1,100
11 600
12 800
13 700
14 1,000
15 1,200
16 800
17 300
18 250
19 400
20 500
21 700
22 600
23 500
24 400
25 600
26 1,200
27 500
28 300
29 3oo
30 600
31 500
32 400
33 400

L N P POV TN
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Borehole #33

Depth NaI CPM
ft
01 1,900
02 1,200
03 800
04 700
05 600
06 1,000
07 1,000
08 800
09 800
10 500
11 500
12 400
13 300
14 00
15 400
16 500
17 900
18 900
19 1,000
20 1,100
21 800
22 800

——  —————— - ——

01 1,200
02 700
03 900
04 l,600
05 1,800
06 2,500
07 5,000
08 1,700
09 1,000
10 800
11 900
12 700
13 700
14 800
15 500
16 500
17 600
18 900
19 800
20 700
21 600

Borehole #34

01
02
03
04

06
07

09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

2,600
1,300
1,400
1,000
1,500
1,500
1,000
400
300
400
500
800
700
500
600
900
600
700
1,300
800
400
300
300

Borehole #37

71

-—— et — - ——

———— e e e

Borehole #35

01
02
03
04
05
06
07
08
09

10

11
12
13
14
15
16
17
18
19
20
21
22
23

10,000
38,000
>50,000
>50,000
22,000
22,000
1,500
1,500
800
700
700
600

00
1,100
1,400
1,400
800
700
600
600
600
700

>50,000
>50,000
>50,000
>50,000
>50,000
>50,000
21,000
7,000
5,000
1,600
1,000
1,000
600

800

600

400

700
1,000
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Borehole #39

Borehole #40

72

Borehole #41

1,400
1,400
1,200
1,500
1,900
1,200
700
600
700
1,000
1,000
1,300
1,000
600
600
600
500
500
200
200
300
300
300
500
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Table 6

Sample
No.

7001
7002
7003
7004
7009
7010
7011
7012
7013
7014
7015
7016
7017
7018
7019

7020
7021
7022
7023
7024
7025
7026
7027
7028
7029
7030
7031

7032
7033
7034
7035

6/8/81
6/9/81
6/10/81
6/11/81
6/29/81
6/29/81
6/18/81
6/18/81
6/3/81
6/3/81
6/3/81
6/3/81
7/10/81
7/10/81
6/29/81

6/17/81
7/20/81
7/10/81
7/10/81
7/10/81
7/21/81
6/17/81
5/11/81
4/29/81
4/29/81
7/28/81
7/28/81

7/30/81
7/30/81
7/28/81
7/28/81

Water Sample Analyéis Results

Location

Surface Water North of Shuman Building
Surface Water West of Shuman Building
Drainage Pipe at NE Boundary

Stream Beneath Earth City Expressway (offsite)
Borehole $14

Borehole #15

Borehole #14

Borehole #15

Middle Leachate Treatment Lagoon

North Leachate Treatment Lagoon

South Leachment Treatment Lagoon’

Sludge Drainage Pipe

Borehole $#14

Borehole #15

Surface Pond North of Entrance on St. Charles
Rock Road

Beorehole 215

Tap Water '

Middle Leachate Treatment Lagoon

North Leachate Treatment Lagoon

South Leachment Treatment Lagoon

Settling Pond at North Boundary of Site
Borehole §14

Standing Water at Earth City Background Site
Standing Water at NW Corner of Shuman Bu11d1ng
West Ditch Runoff

Pond at North Boundary of Site

Surface Pond North of Entrance on St. Charles
Rock Road

Missouri River Water

Missouri River Water

North Leachate Treatment Lagoon

Middle Leachate Treatment Lagoon

Gross Alpha

1.91E0

8.B4E0
1.56E0
3.45E0
-2.95E0
-1.56E0
1.56E0
-8.66E-1
1.04E0
4.52E1
-2.08E0
5.20E-1
~1.39E0

-2,6E0
1.04E0
-1.39E0
1.04E0

+/-8.8%
+/-9.9%
+/-22%
+/-14%
+/-39%
+/-52%
+/-47%
+/-31%
+/-275%
+/-55%
+/-55%
+/-234%
+/-115%
+/-32%
+/-60%

+/-28%
+/-67%
+/-141%
+/-189%
+/-179%
+/-67%
+/-332%
+/~-82%
+/-6.2%
+/-131%
+/-115%
+/-203%

+/-102%
+/-82%
+/~-203%
+/~-82%

Gross Beta

3.00E1

3.01E1
2.91E1
1.07E2
1.22E2
8.67E1
3.65E1
3.89E1
3.25E1
8.78E1
-3.62E0
3.51E1
2.63E1

2.63E1
2.90E1
1.03E2
8.45E1

+/-3.0%

+/-4.4%

+/-6.8%
+/~-4,8%
+/-14%
+/-17%
+/-20%
+/-16%
+/-5.7%
+/-5.5%
+/-6.4%
+/-6.5%
+/-11%
+/-11%
+/-12%

+/-12%
+/-12%
+/----%
+/-5.8%
+/-6.9%
+/-11%
+/-10%
+/-11%
+/-6.9%
+/-137%
+/-11%
+/-13%

+/-13%
+/-12%
+/-6.3%
+/-7.0%
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Table 6, cont.

ample L
No. Date Location ' Gross Alpha Gross Beta
pCi/1 pCi/1
7036 7/28/81 South Leachate Treatment Lagoon -2.95E0 +/-189% 6.96E1 +/-7.7%
1 11/80 Leachate Observation Well . 7.3E0 +/-120% 8.0F1 +/-25%
2 10/80 Off~-site Sample Well 3, West Boundary of Landfill 1.5E1 +/-17% 4.1E1 +/-10%
3 10/80 Off-site Sample wWell 4, North Boundary of Landfill 2.9E0 +/-29% 7.6E0 +/-26%
4 11/80 Settling Pond North of Landfill . 2.9E0 +/-150% 2.6E1 +/-110%
:mple ' Isotopic Analysis
No. Date Location ’ K-40 pCi/1l Ra-226 pCi/1
7014 6/3/81 North Leachate Treatment Lagoon 1.38E2 +/-15% 1.20E0 +/-21%
7015 6/3/81 South Leachate Treatment Lagoon 1.36E2 +/-16% 3.92E0 +/-233%
7016 6/3/81 Sludge Drainage Pipe 1.02E2 +/-15% 2,.40E0 +/-290%
7022 7/10/81 Middle Leachate Treatment Lagoon 1.04E2 +/-18B% 2.40ED +/-290%

7028 4/29/81 Standing Water at NE Corner Shuman Bldg. 1.24E2 +/-28% 1.15E0 +/-195%

sy vt -




Radon Flux Measurements Using Accumulator Method

Table 7
pate Time Location . Environmental Conditions _ Flux
pCi/sq.m~-s

04/21 09:33 Base 1 (Area 2, 011J) 10 degrees C, damp ground, moderate wind 28

04/21 10:21 Base 2 (Area 2, L38BK) 10 degrees C, damp ground, moderate wind 6.7

04/22 11:48 Base 1 (Area 2, 011J) 15 degrees C, soaked ground, 1 hour after rain 332

04/22 12:38 Base 3 (Area 2, M99H) 15 degrees C, soaked ground, 1 hour after rain 1.7

04/23 08:24 Base 1 (Area 2, 011J) 15 degrees C, damp ground, sunny, last rain approx. 293
12 hours

04/23 09:12 Base 3 (Area 2, M99H) 15 degrees C, damp ground, sunny, last rain approx. 7.9
12 hours

04/23 10:00 Base 2 (Area 2, L38BK) 15 degrees C, damp ground, sunny, last rain approx. 5.9
12 hours

04/24 08:38 Base 3 (Area 2, M99H) 7 degrees C, damp ground, cloudy, last rain approx. 2.7
2 days

04/24 08:40 Base 1 (Area 2, 011J) 7 degrees C, damp ground, cloudy, last rain approx. 9.8
2 days

04/24 09:29 Base 2 (Area 2, L38K) 7 degrees C, damp ground, cloudy, last rain approx. 1.5

. 2 days

04/27 09:05 Base 3 (Area 2, M99H) 21 degrees C, hot, ground dry, sunny 2.2

04/29 08:52 Base 3 (Area 2, MI99H) 18 degrees C, sunny, last rain approx. 12 hours, 14
light breeze :

04/29 09:36 Base 1 (Area 2, 011J) 18 degqrees C, sunny, last rain approx. 12 hours, 540
light breeze

04/29 11:10 Base 4 (Area 2, i00P) 18 degrees C, sunny, last rain approx. 12 hours, 63
light breeze

05/04 10:05 Base 1 (Area 2, 01173} Cloudy, drizzle, last heavy rain approx. 1 day 43

05/04 15:34 Base 1 (Area 2, 011J) Cloudy, drizzle, last heavy rain approx. 1 day 33

05/05 09:44 Base 1 (Area 2, 011J) Cloudy, drizzle, soaked ground, no wind 177

05/06 09:49 Base 1 (Area 2, 0l1J) 7 degrees C, windy, wet ground, last rain approx. 269
12 hours '

05/07 09:32 Base 1 (Area 2, 011J) 10 degrees C, windy, ground dry at surface, sunny 34

05/07 10:48 Base 3 (Area 2, M99H) 10 degrees C, windy, ground dry at surface, sunny 1.5

05/08 09:45 Base 3 (Area 2, M99H) 15 degrees C, cloudy, moderate wind, ground moist 8.5

05/08 10:28 Base 4, (Area 2, i0O0P) 15 degrees C, cloudy, moderate wind, ground moist 243

05/11-11:43 Base 4 (Area 2, i00P) 13 degrees C, light wind, soaked ground, rain approx. 28

12 hours ago




7, cont.

Location

—————— e e e e s = A T = - e e e B T e e o o s e e e A = . e — — 2= — ———— — _———— _— — ——

Base
Base

Base
Base

Base
Base
Base
Base

Base
Base
Base
Base
Base
Base
Base
Base
Base
Base
Base
Base
Base
Area
Base
Base
Base
Area
Base
Base
Base
Area

Area.

ot

SO0

N b o b = OV il = O\ dn = O o =

’

6
4
1
2,
4
4
8
2,
2,

(Area
(Area

(Area
(Area

(Area
(Area
(Area
(Area

(Area
(Area
{(Area
(Area
{Area
(Area
(Area
(Area
(Area
(Area
(Area
(Area
(Area

kOOR
(Area
(Area
(Area

I00F
(Area
(Area
(Area

M62J

uooP

Environmental Conditions

15 degrees C, windy, cloudy,
15 degrees C, windy, cloudy,
day

13 degqrees C, cloudy, ground
approx. 8 hours

13 degrees C, cloudy, ground
approx. 8 hours

13 degrees C, cloudy, light w
13 degrees C, cloudy, light w
15 degrees C, sunny, light wi
10 degrees C, cloudy, heavy r
strong wind

10 degrees C, drizzle, ground
10 degrees C, drizzle, ground
10 degrees C, drizzle, ground
18 degrees C, no wind, sunny,
18 degrees C, no wind, sunny
18 degrees C, no wind, sunny
21 degrees C, sunny, no wind,
21 degrees C, suny, no wind,
21 degrees C, sunny, light br
21 degrees C, sunny, light br
21 degrees C, sunnny, light b

28 degrees C, dry soil, last rain 2 days 29.90" hg
28 degrees C, dry soil, last rain 2 days 29,90" hg

29 degrees C, damp soil, ligh
30 degrees C, dry soil, 29.90
32 degrees C, slight wind, dr
34 degrees C, light wind, dry
39 degrees C, no wind, damp s
33 degrees C, dry soil, moder
33 degrees C, dry soil, sligh
33 degrees C, dry soil, stron
21 degrees C, dry soil, no wi
18 degrees C, dry soil, light

pCi/sq.m-s

last rain approx. 1 day 310

last rain approx.
moist, last rain
moist, last rain

ind, drizzle
ind, drizzle

nd

ain last 2 days,

soaked
soaked
soaked
ground damp
ground damp
ground damp
dry soil
dry soil
eceze, dry soil
eeze, dry soil
reze, dry soil

t wind

n hg

y soil 29.85 hg
soil

oil

ate breeze

t breeze

g wind

nd 29.92"
breeze

1

18
206
30

43
376
380
188

8.0

17
538
276
119
353
212
406
350
596
865
400
397

620
580
388
0.6
245
579
3.0

38
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Table

7, cont.

" Time

10:39
12:07
12:20
09:56
10:08
11:20
11:30
10:03
10:15
10:17
13:50
10:03
10:20
11:24
14:00
14:30
10:19
10:09
10:49
10:10
10:25
11:25
08:14
08:31
09:05
09:23
08:09
08:26
10:04
10:50
08:09
08:16
09:20
10:08

Location

Area 2,
Area 2,
Area 2,

Area 2,
Area 2,
Area 2,
Area 2,
Area 2,
Area 2,

Earth City, offsite bkg

Taussig

Rd, offsite bkg

Area 2m UOOP

Base 4 (Area 2,

Taussig
Area 2,
Area 2,
Taussig
0ld St.
Area 1,
Area 1,

Base 6 (Area 1,
014 st. Charles Rock Rd Bkg

Area 1,
Area 2,
Area 2,
Area 1,
Base
Area 2,
014 st.
Taussig
Area 2,
Area 1,
014 st.
Area 1,

8 (Area

ioop)
Rd, offsite bkg
J30L

H040

Rd, offsite bkg

Charles Rock Rd Bkg

M10G
M10G
I00A)

M10G
p07s
p07s
M10G
l, 1001)
p07s

Charles Rock R4 Bkg

Road offsite bkg
p07S
O00M

Charles Rock R4 Bkg

O00M

Environmental

18 degrees
18 degrees
18 degrees
26 degrees
26 degrees
26 degrees
26 degrees
29 degrees
29 degrees
27 degrees
27 degrees
n/a

Damp soil,
Damp soil,
31 degrees
31 degrees
Damp soil,
Damp soil,
26 degrees
25 degrees
30 degrees
26 degrees
24 degrees
24 degrees
23 degrees
23 degrees
18 degrees
18 degrees
21 degrees
21 degrees
23 degrees
23 degrees
23 degrees
24 degrees
30.25" hg

Conditions

pCi/sq.m-2
85

C, dry soil, light breeze
C, dry soil, light breeze 1.8
C, dry soil, light breeze 1.9
C, damp soil, light breeze 29.98" hg 14
C, damp soil, light breeze 29.98" hg 35
C, damp soil, light breeze 29,98" hg' 0.6
C, damp soil, light breeze 29.98" hg 1.0
C, dry soil, gusty, 760.5mm hg 0.8
C, dry soil, gusty, 760.5mm hg 0.7
C, damp soil, no wind 30.14 hg 0.5
C, damp soil, no wind 30.14 hg 1.5
- 1 6
slight breeze 138
slight breeze 0.3
C, dry soil, slight breeze, 30.20" hgqg 0.4
C, dry soil, slight brze, 30.20" hg 0.4
'started to rain during accumulation 0.3
started to rain during accumulation 1.0
C, damp soil, 29.96" hg 22
C, dry soil, no wind, 30.02" hg 14
C, damp soil, mild wind, 29.86" hg 59
C, damp so0il, no wind 30.10" hg <0.1
C, damp soil, light wind, 30.06" hg 15
C, damp soil, light wind, 30.05" hg 168
C, damp soil, mild wind, 30.06" hg 34
C, damp soil, mild wind, 30.06" hg 61
C, damp soil, light wind, 30.21" hg 0.5
C, damp soil, light wind, 30.21" hg 173
C, damp soil, light wind, 30.21" hg 0.3
C, damp soil, light wind, 30.21" hg 0.2
C, dry soil, sunny, light wind, 30.21" hg 38
C, dry soil, sunny, light wind, 30.21" hg 3.2
C, dry soil, sunny, light wind, 30.21'hg 0.2
C, very dry soil, sunny, light wind, 2.0
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Table 7, cont.
Date Time Location Environmental Conditions Flux
pCi/sq.m-2
07/31 10:13 Area 1, EOOF 24 degrees C, very dry soil, sunny, light wind, .
30.25" hg :

08/03 10:11 Area 1, EOOF 25 degrees C, dry soil, light wind, 29.94" hg 3.4
08/03 10:14 Area 1, OOOM 25 deqrees C, dry soil, light wind, 29.94" hg 0.4
08/04 09:05 Area 1, EOOF 29 degrees C, dry soil, light wind, 30.04" hg 6.4
08/04 09:11 Area 1, OOOM 29 degrees C, dry soil, light wind, 30.04" hg 0.5
08/05 09:21 Area 1, EOOF 28 degrees C, dry soil, light wind, 30.07" hg 9.6
08/05 09:25 Area 1, OOOM 28 degrees C, dry soil, light wind, 30.07" hg 9.6
08/06 08:35 Area 1, EOOF 27 degrees C, dry soil, light wind, 30.01" hg 0.3
08/06 08:40 Area 1, M10G 27 degrees C, dry soil, light wind, 30.01" hg 5.1
08/07 09:08 Area 2, p07S 27 degrees C, dry soil, light wind, 30.01" hg 122
08/07 09:15 Base 8 (Area 1, I1001I) 27 degrees C, dry soil, light wind, 30.01" hg 0.4
08/17 10:05 Area 2, I100F 20 degrees C, dry soil, light wind, 30.08" hg 0.6
08/17 10:10 Area 2, I00L 20 degrees C, dry soil, light wind, 30.08" hg 0.3
08/18 09:14 Area 2, I00L 18 degrees C, dry soil, no wind, 30.11" hg <0.1
08/18 09:17 Area 2, IO0OF 18 degrees C, dry soil, no wind, 30.11" hg 0.5
08/19 09:34 Area 2, IOOL 18 degrees C, dry so0il, no wind, 30.11" hg 0.3
08/19 09:40 Area 2, IO0OF 18 degrees C, dry soil, no wind, 30.11" hg 0.4

Y e
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Radon Flux Measurements Using the Charcoal Canister Method

Table 8
Sampling
Date Location Time (sec) Enviromental Conditions Flux
pCi/sq.m-s

06/02 Base 6 (Area 1, 100a) 6,000 30 degrees C, dry soil, 29.90" hg 362
06/03 Base 4 (Area 2, iOOP) 4,980 32 degrees C, dry soil, light wind, 29.85" hg 29
06/03 Base 4 (Area 2, i0O0P) 1,200 32 degrees C, dry soil, light wind, 29.85" hg 613
06/04 Base 1 (Area 1, 011J) 7,200 34 degrees C, dry soil light wind 147
06/10 Base 8 (Area 2, I001I) 55,320 21 deqrees C, dry soil, no wind, 29.92" hg 2.0
06/10 Area 2, MOOI 18,000 21 degrees C, dry soil, no wind, 29.92" hg 2.3
06/11 Area 2, LOOG 60,300 18 degrees C, dry soil, light breeze 163
06/11 Area 2, UOOP 22,500 18 degrees C, dry soil, light breeze 44
06/18 Area 2, 100S 54,900 n/a 2.2
06/12 Area 2, TOOP 17,640 26 degrees C, damp soil, light breeze, 29.98" hg 30
06/23 Earth City, offsite bkg 21,600 27 degrees C, damp soil, no wind, 30.14" hg 0.9
06/24 Taussig Road, offsite bkg 61,200 n/a 0.8
06/30 Area 2, p00J 55,320 n/a 8.7
06/30 Area 2, UOOP 20,940 n/a 74
07/01 014 St. Charles Rd, bkg 20,040 n/a 0.8
07/06 Area 2, iOOP 50,400 Damp soil, light breeze 178
07/08 Area 1, H25N . 14,100 31 degrees C, dry soil, slight breeze, 30.20" hg 0.9
07/08 Area 2, J30L 50,140 31 degrees C, dry soil, slight breeze, 30.20" hg 6.3
07/10 Area 1, I00L 22,540 Damp soil, during rain 0.6
07/15 01d St. Charles Rock Rd, bkg 54,540 n/a : 1.6
07/16 Area 1, M10G 22.380 26 degrees C, damp soil, 29.96" hg 24
07/17 Area 1, M10G 57,240 25 degrees C, dry soil, no wind, 30.20" hg 14
07/20 Base 6 (Area 1, IO0OOA) 5,880 30 degrees C, damp soil, mild wind, 29.86" hg 13
07/22 01d St. Charles Rock Rd, bkg 68,640 26 degrees C, damp soil, no wind, 30.10" hg 0.3
07/23 Area 1, M10G 60,960 n/a 4.5
07/28 Area 1, M10G 61,560 23 degrees C, damp soil, 30.06" hg 9.1
07/28 Area 2, p04Ss 63,240 23 degrees C, damp soil, 30.06" hg 32
07/29 Area 1, 100I, Base 6 57,540 18 degrees C, damp soil, light wind, 30.21"hg 0.4
07/29 Area 1, 0001 57,960 18 degrees C, damp soil, light wind, 30.21" hg 1.3
07/30 Area 2, p04S 55,080 23 degrees C, dry soil, light wind, 30.21" hg 212
07/30 Area 1, OOO0M 56,820 23 degrees C, dry soil, light wind, 30.21" hg 7.6
07/31 Area 1, EOOF 56,340 24 degrees C, very dry soil, light wind, 30.25" hg 0.4
07/31 Area 1, O00OM 56,220 24 degrees C, very dry soil, light wind, 30.25" hg 5.2
08/05 Area 1}, EOOF 52,800 28 degrees C, dry soil, light wind, 30.07" hg 0.6




Side-By—-Side Radon Flux Measurements,
Accumulator versus Charcoal Canister Methods

'Table 9

Location

Base
Base
Base
Base
Base
Borehole 3

TOOP (Area 2)

Earth City

Taussig Road

Base 4

Borehole 2

M10G(Area 1)
M10G(Area 1)

Base 6

014 st. Charles Rd
M10G(Area 1)
M10G(Area 1)

20" W of Borehole %20
Base 8

20' W of Borehole #20
O00M (Area 1)
O00M{Area 1)

W oo 00

Date

|
HHEODANDNDEHFOS WND
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~ O

!
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N
S

NN N AN AN
| 1
8}
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!
N
o©

7-29
7-30
7-30
7-31

80

Charcoal
Canister
pCi/sq.m=-2

400
680
170
2.1
2.4
50
30
0.9
0.8
180
<0.5
22.2
13.4

'——l
S
L]

w
NMODNOANANOL O
s o o
0O W oo oy Wk

Accumulator
pCi/sq.m~2

740
790
370
3.0
1.3
38
35
<1
1.5
140
<1
22.3
14.0
59.2
<1
15.3
60.5
34.3
0.5
38
3

0.2
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Working Level (WL) and Long-Lived Gross Alpha Activity
on High Volume Air Samples
Table 10

Sample Duration: 10 min.
Flow Rate: 570 1/min.
Total Volume: 1.4E6 ml

I8

Date/Time Location 7 Day Activity WL
uCi/cc

8105010805 Outside Trailer 2.03E-13+/-122% .0016
8105010819 Outside Trailer 2.66E-13+/-103% .0015
8105010918 Base 3 0+/-211% .0010
8105010931 Base 1 3.13E-13+/-93% .0008
8105040942 Outside Trailer 4.69E-14+/-365% .0010
8105041013 Base 1 1.09E-13+/-188% .0009
8105041124 Cco0G 4,69E-14+/-365% .0012
8105041150 Base 4 2.66E-13+4+/-103% - .001e6
8105111034 Earth City Background 4.69E-14+/-365% .0003
8105121046 Earth City Background 4 . 69E-14+/-365% .0004
8105121402 Outside Trailer 0+/-211% .0002
8105121447 Base 4 4 .22E-13+/-78% .0006
8105121504 Outside W-L Office Bldg 7.34E-134+/-57% .0003
8105121528 Base 1 1.56E-13+/-145% .0002
8105121551 TOOP 4 ,69E-144/-365% .0003
8105131154 ZOON 4 .69E-14+/-365% - - .0010
8105151010 Base 6 2.03E-13+/-122% .0003
8105151035 Base 7 1.09E-13+/-188% .0002
8105181022 Base 6 2.03E-13+/-122% .0003
8105201107 Base 4 2.66E-13+/-103% .0004
8105201137 Base 6 2.66E~13+/-103% .0004
8105270821 Inside Trailer 1.41E-12+/-40% .0110
8105271040 Base 6 7.81E-13+/-55% .0002
B106021429 0004J 2.03E-13+/-122% .0007
8106021450 h000 4 .69E-14+4/-365% .0007
8106080957 Drilling Borehole §1 1.56E-13+/-146% .0006
8106081335 Drilling Borehole #2 4,69E-144+/-365% .0005
8106091015 Drilling Borehole #3 7.34E-13+/-57% .0009
8106091318 Drilling Borehole #4 1.15E-11+/-14% .0020
8106091350 Drilling Borehole #4 8.55E-12+/-16% .0027
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Table 10, cont.

Date/Time

8106100945

. 8106101231

8106101411
8106231028
8106231146
8106231407
8106300931
8107070919
8011130845
8011131030
8011131445
8011131507
8011140735

Date/Time

- ———— t—— o ———

Composite Sample

Location

Drilling Borehole #5
Drilling Borehole #7
Drilling Borehole #8
Earth City Background
Inside Shuman

Taussig Rd Background
Borehole $#32

01d st. Charles Rd Bkg
Area 1, Near Road

Area 1 Highest Ext. Level
Area 2 Highest Ext. Level
Area 2 Suspected Surface Mat.
Inside Shuman Building

Location

All Onsite Samples

7 Day Activity
uCi/cc
2.66E-13+/-103%
4,22E-13+/-78%
4.22E-13+/-78%
1.09E-13+/-188%
1.98E-12+/-33%
4 .69E-14+/-365%
4.69E-14+/-365%

0+/-211%

.0012
.0015
.0012
.0005
.0011
.0005
.0006
.0017
.017
.014
.019
.038
.031

Isotopic Activities

9.1E-14+/-1%

Note: 1Individual sample sensitivities are low due to short sampling time.
all gross alpha activities except two are less than the maximum permissible

concentrations (MPCs) for U-238 or Ra-226,

for unrestricted areas,

4.3E-14+/-1%

However,

as listed

in Appendix B, Table II, of 10CFR20. (These MPCs are 3.0E-12 uCi/cc for

either nuclide.)
materials.

The two exceptions occurred when drilling through contaminated
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Gamma Analysis of High Volume Air Samplés for Rn-219 Daughters (Pb-211)

Table 11
---Sample Activity (uCi/cc) at---

; 405 KeV 427 KeV B32 KeVv Average
Date Time Location (3.4% ab) (1.8% ab) (3.4% ab) uCi/cc
6/3 14:21 Base 4 (Area 2, i0OP) 2.3E-10 =  —=——-———-w- 2.5E-10 2.4E-10
6/4 8:31 Base 1 (Area 2, 000J) 5.7BE-11 mmmmmmeem e 5.7e-11
6/4 12:30 Base 4 1.0E-9 8.9E-10 9.3E-10 9.5E-10
6/18 14:00 Base 4 5.6E-10 4.8E-10 4.6E-10 5.0E-10
6/29 12:23 Base 6 (Area 1, NOOA) 9.0E-11 = -—-—me—mo 1.3E-10 1.1E-10




Table 12: Priority Pollutant Analyses of Auger Hole and Leachate Sludge Samples

Results of Chamical Analyses of
West Lake Landfill

7 July 1981

Parameter _ Units WIP Bi-2 " PH-13" BH-25° BH-31" BH-35"
Antimony mg/kg 0.077 0.268 0.325 0.355 0.218 21.0
Arsenic rg/kg 0.62 6.0 7.0 2.0 4.0 1.0
Beryllium mg/kg 0.038 0.12 0.24 0.18 0.20 0.14
Cadmi um mg/kg 0.052 2.2 2.3 2.27 4.0 37.5
Chramium mg/kg 1.41 40.9 34 7.0 26.2 215
Copper mg/kg 0.459 1039 88 23.2 131.6 356
Cyanide mg/Kg 0.10 0.028 0.12 1.61 0.376 0.97
read mg/kg 19.7 356 431 49.0 251.6. . 14S0
Mercury ng/kg 5 0.22 0.36 0.14 0.10 0.84
Nickel mg/kg 3.00 2,0 45.1 1.3 4 218.0
Selenium mg/kg 0.12 1.6 1.2 1.2 1.2 0.9
Silver mg/kg 0.134 0.580 0.369 0.165 0.264 0.409
Thallium mg/kg 14.0 10.0 2.0 <0.1 C.6 3.5
Zinc my/kg 41.4 246 270 180 89 23585
* WTP - Waste treatment plant leachate sludge

BH-2 - Auger hole 2, Area 2

BH-13 -~ Auger hole 13, Area 2

BH-25 - Auger hole 25, Area 1

BH-31 - Auger hole 31, Area 2

BH-35 - Auger

hole 35, Area 2



SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

cLioyr West Lake

CLIENT I.D. Ww.T.P. (NPDES) DATE SAMPLE RECEIVED 6 JUly 1981

RC I.D. K569 DATE ANALYSIS COMPLETED 16 Julv 1986)

e

' ACID coPoDs

2,4,6-trichloraphencl
o—chloro-m—cresol
2-chlorophenol
2,4-dichlorophencl
2,4-~dimethylphencl
2-nitrophenol
4-nitropherol
2,4-dinitrophenol
4,6dinitro-o-cresol
pentachlorcphenol
phenol

ééé%%éE

»

*

> lBla

ND - Less than 1 ¥g/1
* - Leas than 25 ug/l
** - Less than 250 ug/1

133
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SUMMARY OF ORGANIC PRICRITY PQLLUTANT ANALYSIS

DATA ANALYSIS COMPLETED 22 July 1981

DATE SAMPLE RECEIVED 6 July 1981

BASE/NEUTRAL COMPOUNDS

CLIENT  West Lake

CLIENT I.D. W.T.P. (NPDES)

RMC I.D. §569

pq/1

acenaphthene ND
benzidine — joied
1,2,4-trichlorobenzene ND
hexachlorobenzene ND
hexachloroethane ND
bis{2-chloroethyl)ether ND
2-chloronaphthalene ND
1,2-dichlorobenzene ND
1, 3-dichlorobenzene ND
1,4-dichlorobenzene ND
3,3'dichlorobenzidine *
2,4-dinitrotoluene *x
2,6-dinitrotoluene *
1,2-diphenylhydrazine ND
fluoranthene ND
4-chlorophenyl phenyl ether ND
4-bramophenyl phenyl ether ND
bis (2-chloroisopropyl)ether *
bisg(2-chloroethoxy)methane ND
hexachlorcbutadiene ND
hexachlorocyclopentadiene *
isophorone ND
naphthalene'’ ND

bis (chlaramethyl)ether =~

ND - Less than 1 ug/1
* - Less than 10 ug/1
** -~ Less than 25 ug/1

nitrobenzene
N-nitrosodimethylamine
N-nitroscdiphenylamine
N-nitrosodi-n-propylamine
bis(2~-ethylhexvl)phthalate
butyl benzyl phthalate
di-n-butyl phthalate
di-n-octyl phthalate
diethyl phthalate
dimethyl phthalate
benzo(a) anthracene
benzo(a)pyrene —
benzo(b) fluoranthene
benzo (k) fluorant.henel

1

chrysene

acenaphthylene
anthracene

benzo (g.h.1.) perylene
fluorene

phenanthrene

- dibenzo (a,h)anthracene

indero(1,2,3—,d)pyrene

pyrene
2,3,7,8-tetrachlorodibenzo-

p-dioxin

e

*re

f

&

6

81618618 |6

8

8

]

6

8

- Hi

1Benzo(b) fluoranthene and benzo (k) fluoranthene could not be resolved, values reg)rteé
indicate the sum of both compounds. ' :



SUMMARY OF ORGANIC PRICRITY POLLUTANT ANALYSIS

CLIENT West Lake

DATE SAMPLE RECETVED 6 July 1981

DATE ANALYSIS CCMPLETED <24 July 1981

CLIENT I.D. W.T.P. (NPDES)
RMC I.D. 4569
PESTICIDES
ral
aldrin ND a-BHC
dieldrin ND b~-BHC
chlordane ND é-BHC
4,4'-DOT ND g-BHC
4,4'-DDE ND PCB - 1242
4,4'-D0D ND PCB - 1254
endcsulfan I * PCB - 1221
endosulfan II * PCB - 1232
endosulfan sulfate * PCB - 1248
endrin * PCB - 1260
endrin aldehyde * B - 1016
heptachlor ND toxaphene
*

heptachlor epoxide

ND - Less than 1 ug/1
* - Less than 10 ug/l

slelslz]. a5 R
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SUMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLIINT Wes_t__Lake

CLIENT I.D. W.T.P. (NPDES) DATE SAMPLE RECEIVED 6 July 1981

RC 1.D. ¥569 | _DATE ANALYSIS COMPLETED 5 August 1981

VOLATILES
pq/1

acrolein > 1,2-dichloropropane
acrylonitrile ** 1,3-43ichlor:opropylene1
benzene 2.0 ethylbenzene
carbon tetrachloride * methylene chloride
chlorobenzene N methyl chloride
1,2-dichlorocthane ND methyl bramide
1,1,1-trichlorocethane ND bramoform
1,1-dichlorocethane ND dichlorobramomethane
1,1,2_-tr ichloroethane ND trichloroflucramethane
1,1,2,2-tetrachloroethane ND dichlorodifluoromethane
chloroethane > chlorodibramomethane
2-chlorouthylvinyl ether :____ tetrachloroethylene
chloroform 4.3 toluene
1,l-dichlorcethylena _ ND trichloroethylene
1, 2-trans-dichloroethylene * vinyl chloride

ND - Less than 1 ué/l
* ~ Less than 10 ug/l
** - Less than 100 ug/l

1. 3~cis~dichloropr

apylene and 1,3-trans-dichloropropylene could not be resolved,

values reported indicate the sum of both compounds.
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SUMMARY OF ORGANIC PRICRITY Pawrmr ANALYSIS

CLIINT West Lake

CLIENT I.D._BH-2 (NPDES) DATE SAMPLE RECEIVED

6 July 1981

RC I1.D. #570 DATE ANALYSIS COMPLETED 16 July 1981

ACTD COMPONDS

2,4,6-trichlorophencl
o—chloro-m—cresol
2-chlorophenol
2,4-dichlorophenol
2,4-dimethylphenol
2-n{trophenol

4-nitrophenol
2,4-dinitrophenol

4,6dinitro-o~cresol
pentachlorophencl
phenol

ND - Less than 1 ug/l
* - Less than 25 ug/1
** - Lega than 250 ug/l

89
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SUMMARY OF ORGANTIC PRICRITY POLLUTANT ANALYSIS

CLIINT West Lake
CLIENT I.D. BH-2 {NPDES) DATE SAMPLE RCCLCIVED & July 198)
RC 1.D. #570 DATA ANALYSIS OOMPLETED 22 July 1981

acenaphit hene

benzidine
1,2,4-trichlorobenzene
hexachlorobenzene
hexachloroethane
bis(2-chloroethyl)ether
2-chloronaphthalene
1,2-dichlorobenzene

1, 3-dichlorobenzene
1,_4—dichlorobenzehe
3,3'dichlorocbenzidine
2,4-dinitrotoluene
2,6-dinitrotoluene
1,2-diphenylhydrazine
fluoranthene

4-chloropheny] phenyl ether
" 4-bramophenyl phenyl ether
bis{2-chloroisopropyl) ether
bis(2~chloroethoxy)methane
hexachlorobutadiene

hexachlorocyclopentadiene
isophorone

naphthalcene!

bis (chlarancthyl)ether

ND - Less than 1 ug/l
* - Less than 10 ug/l
** - less than 25 ug/l

BASE /NEUTRAL OOMPOUNDS

UL

8

&

*

»
»

&

G

6 [6

"EEE

L 4

l

nitrobenzene
N-nitrosocdimethylamine
N-nitrosodiphenylamine
N-nitrosodi-n-propylamine
bis(2-ethylhexyl)phthalate
butyl benzyl phthalate
di-n-butyl phthalate
di-n-octyl phthalate
diethyl phthalate
dimethyl phthalate
benzo(a) anthracene
benzo(a)pyrene

benzo (b) fluoranthene
benzo (k) fluoranthenel

1

chrysene

acenaphthylene

anthracene

benzo (g.h.i.) perylene
fluorene

phenanthrene

dibenzo (a,h)anthracene
indeno(1,2,3-c,d)pyrene
pyrene
2,3,7,8-tetrachlorodibenzo~

p-dioxin

l'liier\m(b)l"luor.anthene and benzo (k) fluoranthene could not be resolved, values reported
indjcate the sum of both campourds,

-t



| .
SIMMARY OF ORGANIC PRICRITY POLLUTANT ANALYSIS

CLIENT West Lake

CLIENT 1I.D. BH-2 (NPDES) DATE SAMPLE RECEIVED £ Tuly 198)
RC 1.D. #570 __DATE ANALYSIS compLeTED 24 July 1981
PESTICIDES
pad pa/l
aldrin * a—BHC »
dieldrin ND b-BHC ND
chlordane ND &-BHC *
4,4'-DDT ND g-BC ND
4,4'-DOE ND PCB - 1242 ND
4,4'-00D ND PCB -~ 1254 ND
endosulfan I * PCB - 1221 ND
endosulfan 11 * PCB - 1232 ND
endosulfan sulfate * PCB - 1248 ND
endrin * PAB -~ 1260 ND
erdrin aldehyde * PCB - 1016 ND
heptachlor ND toxaphene ND
heptachlor epaxide *

ND - Less than 1 ug/1
'-Lessthanmug/l

a1



SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLIENT West Lake

CLIDNT 1.D. _ BH-2 (NPDES) DATE SAMPLE RECEIVED 6 July 1981
ML I.D. %570 DATE ANALYSIS OOMPLETED O August 1981
VOLATILES
v/l

scrolein ** 1,2-dichloropropane
acrylonitrile o 1, 3-dichloropropy1ene1
Lenzene 1.4 ethylbenzene
carton tetrachloride * methylene chloride
chlorabenzene 1.9 methyl chloride
1,2-dichlorocthane 7.1 methyl bromide
1,1,1=trichlorocethane ND bromoform
1,1-dichloroethane ND dichlorobromomethane
1,1,2-trichloroethane ND trichlorofluoramethane
1,1,2,2-tetrachloroethane ND dichlorodifluoromethane
chloroethane * rhlorodibromome thane
2-chloroutlylvinyl ether ND te’trachlofoethylene
chlorofori 6.2 toluene
1,1-dichlorocthylene ND trichloroethylene
1, 2-trans-dichloroethylune 3.4 vinyl chloride

ND - Less than 1 ug/kg
* - less than 10 wvg/kg
** « Less than 100 wg/kg

11 ’ 3-cis-dichloropr

lene and 1,3-trans~dichloropropylene could not be resolved,

Values reported indicate the sum of both compounds.

EXRTTINLLIR S iy 4 -du'




SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLILNT West Lake

CLIENT 1.D,___ BH-13 (NPDES)  DATE SAMPLE RECEIVED

RC I.D. #571

6 July 1981

ACTD OOMPOUNDS

2,4,6-trichlorophencl
o-chloro—-m—cresol
2~-chlorophenol
2,4-dichlorophencl
2,4-dimethylphencl
2-nitropherol |
4-nitrophenol
2,4-dinitrogherncl
4,6dinitro~o~creesl
Rentachlorophenol
phenol -

ND - Less than 1 ug/1
* - Less than 25 ug/1
** .« Legs than 250 ug/l

93
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLIINT West Lake

CLIINT I.D. BH-13

(NPDES)

DATE SAMPLE RIECTIVED

RC 1.D. #571

acenapht heiw

bonzidine
1,2,4-trichlorobenzene
hexachlorobenzene
hexachloroethane
bis(2-chloroethyl)ether
2-chloronaphthalene
1,2-dichlorobenzene
1,3~dichlorobenzene
1,4-dichlorobenzene
3,3'dichlorobenzidine
2,4-dinitrotoluene
2,6-dinitrotoluene
1,2-diphenylhydrazine
fluoranthene '
4-chlocophenyl phenyl ether
4-bramophenyl phenyl ether
bis (2~chloroisopropyl)ether
bis(2-chloroethoxy)methane
hexachlorabutadiene
hexachlorocyclopentadiene
isophorone

narhthalene!

bLi's (chlarawethyl)ether

ND - Less than 1 uq/l
* - less than 10 g/l
** - Less than 25 ug/l

6 July 1981

DATA ANALYSIS COMPLETED <22 July 1981

BASE/NEUTRAL COMPOUNDS

pa/1

ND

«| +|B|8

6|88

nitrobenzene
N-nitrosodimethylamine
N-nitrosodiphenylamine
N-nitrosodi-n-propylamine
bis(2-ethylhexyl)phthalate
butyl benzyl phthalate
di-n-butyl phthalate
di-n-octyl phthalate
diethyl phthalate
dimethyl phthalate
b_enzo(a)anthraoene
benzo(a)pyrene
benzo(b) fluoranthene
benzo (k) fluoranthene
chrysene
acenaphthylene
anthracene

benzo (9.h.1.) perylene
fluorene

phenanthrene

dibenzo (a,h}anthracene
indeno(1,2,3-c,d)pyrene
pyrene
2,3,7,8-tetrachlorod{benzo-

p—diaxin

1
1

i

10.1

Jalalalals].

*

»

CRE

*
*

8

8

8

‘,

1Benzo(b)flmranthene and benzo (k) fluoranthene could not be resolved, values reported
indicate the sum of both campounds,

- . aem
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SUMMARY OF ORGANIC PRICRITY POLLUTANT ANALYSIS

CLIENT West Lake

DATE SAMPLE RECEIVED 6 July 1981

CLIENT 1.D. BH-13 (NPDES)
RC I.D. #571 DATE ANALYSIS COMPLETED 24 July 1981
PESTICIDES
1748 pa/l

aldrin * a-BHC .
dieldrin * b-RIC *
chlordane ND &-BIC *
4,4'-DOT * g-BHC .
4,4'-DOE * PCB - 1242 ND
4,4'-00D * PCB - 1254 ND
endosulfan I * PCB - 1221 ND
endosulfan II * PCB - 1232 N
endosulfan sulfate * PCB - 1248 ND
endrin * PCB - 1260 ND
endrin aldehyde * PCB - 1016 ND
heptachlor * taxaphene ND

heptachlor epoxide

ND ~ Less than 1 uq/1
* - Less than 10 ug/1

95



SIMMARY CF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLIINT West Lake

CLIENT I.D. B-13

(NPDES) ___ DATE SAMPLE RECETVED__ ¢ Julv 1981

RMC I.D, %571 DATE ANALYSIS COMPLETED_ 5 Ayqust 1981
VOLATILES
pa/1
acrolein * 1,2-dichloropropane
acrylonitrile ww l,.’i-dichloropropylenel
benzene ND” ethylbenzene
carbon tetrachloride . methylene chloride
chlocobenzene S methyl chloride
1,2dichlorocethane ND rmethyl bramide
1,1,1-trichloroethane ND bramoform
1,1-dichloroethane ND dichlorobromomethane
1,1,2-trichloroethane ND trichlorofluoramethane
1,1,2,2-tetrachloroethane ND dichlorodifluoramethane
chloroethane * chloradibromomethane
2-chdorovtliylvinyl ether ND ‘tetrachloroethylene
chlorofor 7.8 toliene
1, l-dichloroethylene ND trichloroethylene
1, 2-trans-dichloroethylune ND vinyl chloride

ND - less than 1 ug/ kg
* - Less than 10 wg/ kg
** - Less than 100 ug/kg

11 3~cis-dichloropropylene and 1,3-trans-~dichloropropylene could not be rmlved,

values reported indicate the sum of both compounds.

ND
4.6

1.8

TS



SUMMARY OF ORGANIC PRICRITY POLLUTANT ANALYSIS

CLIENT tlest Lake

CLIENT I.D. BH-25  (NPDES) DATE SAMPLE RECEIVED 6 July 198Y

RC 1.D. 4572 DATE ANALYSIS OOMPLETED 16 July 1981

ACTD OOMPOUNDS

pa/l
2,4,6-trichlorophencl ND
o—chloro-t—cresol ND
2-chlorophenol ND
2,4-dichlorophenol ND
2,4-dimethylphencl ND
2-nitrophenol ND
4-nitrophenol *
2,4~dinitrophenol **
4,6~dinitro~o~cresol *
pentachlorophenol ND
phenol | 52.8

ND - legs than 1 uq/1
* - Less than 25 ug/l
** .« Legs than 250 ug/1

97



SUMMAYY OF ORGANIC PRICRITY POLLUTANT ANALYSIS

CLIINT West Lake

CLILNT T.D, BH-25

(NPDES)

DATE SAMPLE RECEIVED

RMC 1.D. #3572

DATA ANALYSIS COMPLETED

acenaphit e

henzidine
1,2,4-trichlorobenzene:
hexachlorolxenzene
hexachloroethane
bis{2-chloroethyl)ether
2-~chiloronaphthalene
1,2-dichlorobenzene
1,3~Jichlorobenzene

1, 4-dichlorobenzene

3,3 -dichlorcbenzidine
2,4-dinitrotoluene
2,6-dinitrotoluene
1,2-diphenylhydrazine
fluoranthene

4-chlorophenyl phenyl ether
4-bLroamophenyl phenyl ether
bis (2-chloroiscprop.§'1)ether
bis(2-chloroethoxy)methane
hexachlorobutadiene
hexachlorocyclopentadiene
isophorone

naphthalene!

b}s (chlarancthyl) cther

ND - Less than 1 uq/1
* = Less than 10 ug/1
** - Less than 25 ug/1

6 >lv 1981

<~ Suly 1981

BASE /NEUTRAL OOMPOUNDS

nitrobenzene
N-nitrosodimethylamine
N-nitrosodiphenylamine
N-nitrosodi-n-propylam s

bis(2-ethylhexyl)phtra_zz=

butyl benzyl phthalate
di-n-butyl phthalate
di-n-octyl phthalate
diethyl phthalate
dimethyl phthalate
benzo(a)anthracene
benzo(a)pyrene

benzo{b) fluorant.henel
benzr:’(k)l:'luorant:l‘»erxe1
chrysene

acenaphthylene
anthracene

benzo (g.h.1i.) perylene
fluorene

phenanthrene

dibenzo (a,h)anthracene
indenc(1,2,3-c,d)pyTene
pyrene

2,3,7,8-tetrachlorodiber=o—-

pdioxin

lﬁenzo(b) fluoranthene and benzo (k) fluoranthene could not be resolved, valoes reported
inlicate the sum of both compounds.

v




SUMMARY OF ORGANIC PRICRITY POLLUTANT ANALYSIS

CLIENT West Lake

PSR SR 52800 b i )

BH-25

CLIENT I.D. (NPDES) DATE SAMPLE RECEIVED
RMC I.D. §572
PESTICIDES
pad
aldrin v a-BHC
dieldrin ND b~BHC
chlordane ND &-BHC
4,4'-DOT ND g-BHC
4,4'-DDE ND PCB - 1242
4,4'~00D ND PCB - 1254
endosulfan I * PCB - 1221
endosulfan II * PCB - 1232
endosulfan gulfate * PCB - 1248
endrin * PCB - 1260
endrin aldehyde * PCB - 1016
heptachlor ND toxaphene

heptachlor epoxide

ND - less than 1 pgq/l

* - Less than 10 pg/l

»
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SUMMARY OF ORGANIC PRIORITY FOLLUTANT ANALYSIS

CLIENT West Lake ,

CLIENT I.D.__ BH-25 __ (NPDES) DATE SAMPLE RECEIVED 6 Julv 1981

RMC I.D. N572 DATE ANALYSIS CCMPLETED 5 Aycust 1981

VOLATILES
pa/t pa/l

acrolein ww 1,2-dichloropropane D
acrylonitrile *k 1,Zi-dichlon:opropylene1 *
benzene 1.1 ethylbenzene 21.3
carbon tetrachloride * methylene chloride 11.4
chlorobenzene ___ N methyl chloride *
1,2-dichlorocthane 5.4 methyl bramide *
1,1,1-trichloroethane ND bromoform ND
1,1-dichlorocethane ND dichlorcbramamethane ND
1,1,2-trichloroethane ND trichlorofluoramethane *
1,1,2,2-tetrachloroethane ND dichlorodifluoramethane *
chloroethane * chlorodibromome thane ND
2-chloroctlylvinyl ether ND tetrachloroethylene 48. 4
chlorofor ND toluene 45,3
1, l-dichloroethylene * trichlorcethylene 4.4
1, 2-trans-dichloroethylene 23.1 vinyl chloride *

ND - Less than 1 ug/ kg
* - Less than 10 uwg/ kg
** - Less than 100 ug/kg

11,3-cis-dichlo,ropropy1ene and 1,3-~trans

values reported indicate the sum of both

~dich

100

lor rbpylene could not be resolved,

compountls

.-
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SUIMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLIONT West Lake

CLIENT I.D,__ HEH-31 (NPDES)

RC I1.D. #5713

6 July 1981

_DATE ANALYSIS COMPLETED

ACID COMPOUNDS

2,4,6-tr{chlorophenol
o—chloro-m—cresol
2-chlorophencl _
2,4-dichlorophenol
2,4-dimethylphenol
2-nitrophenol
4-nitrophenol
2,4~din{tropherol
4,6-din{tro-o—cresol
pentachlorophenol
phenol

ND - Legs than. 1l uq/1
* -~ Lesg than 25 ug/1
** - Legs than 250 ug/l

in

16 July 1981




SIMMARY QF ORGANIC PRICRITY POLLUTANT ANALYSIS

. DATE SAMPLE RECEIVED

CLIUINT West Lake
CLIENT I.D. GH-311  (NPDES)
RMC 1.D. ¥573

acenaphit hene

benzidine
1,2,4-trichlorobenzene
hexachlorobenzene
hexachloroethane
bis(2-chloroethyl)ether
2-chloronaphthalene

- 1,2-dichlorobenzene

1, 3~dichlorcbenzene
1,4-dichlorobenzene
3,3'=dichlorobenzidine
2,4-dinitrotoluecne
2,6—dinitrotoluene
1,2-diphenylhydrazine
fluoranthene

4-chlorophenyl phenyl ether
4-bramophenyl phenyl ether
bis (2-chloroisopropyl)ether
bis(2-chloroethoxy)methane
hexachlorobutadiene
hexachlorocyclopentadiene
isophorone

naphithalene!

LEs (chlorancthyl) cther

ND - less than 1 ug/1
* = Lless than 10 g/l
~ Less than 25 u9/1

6 July 1981

_DATA ANALYSIS OOMPLETED 22 July 1981

BASE,/NEUTRAL COMPOUNDS

pa/l
—_—lt
L
- ND __
—NDn __
—__ND

nitrobenzene

‘N-nitroscdimethylamine

N-nitroscdiphenylamine
N-nitrosodi-n-propylamine
bis(2-ethylhexyl) phthalate
butyl benzyl phthalate
di-n-butyl phthalate
di-n-octyl phthalate
diethyl phthalate
dimethyl phthalate
b.enzo(a)anthracene
benzo(a)pyrene
benzo (b) fluoranthene
benzo(k)flmranthenel
chrysene

acenaphthylene
anthracene

benzo (g.h.i.) perylene
fluorene

phenanthrene

dibenzo (a,h)anthracene

1

" indeno(1,2,3-c,d)pyrene

pyrene
2,3,7,8-tetrachlorodibenzo—

pdioxin

fit

—
o
(%]

=18

615(6(816|8 |8

816

»

8

8

%

&

6

l=

lBenzo(h)flmu anthene and benzo (k) fluoranthene could not be resolved, values reported
inlicate the sum of both compounds.



SIMMARY OF ORGANIC PRICRITY POLLUTANT ANALYSIS

CLIENT West Lake

DATE ANALYSIS CCMPLETED 24 July 1981

CLIENT I.D. BH-31  (NPDES) DATE SAMPLE RECEIVED
RMC I.D. #573
PESTICIDES
palt
aldrin ND a-BHC
dieldrin ~ ND b-BHC
chlordane ND &-BHC
4,4'-poT ND g-BHC
4,4'-D0OE ND PCB - 1242
4,4'-00D ND PCB - 1254
endosulfan I > PCB - 1221
endosulfan II * PCB ~ 1232
endosulfan sulfate * PCB -~ 1248
endrin | . PCB - 1260
endrin aldehyde o PCB - 1016
heptachlor ND taxaphene

heptachlor epoxide

ND - Lless than 1 uq/1
* - Less than 10 ug/1

6 July 1981




SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLIENT West Lake

CLIENT I.D. HH-31 (NPDES) DATE SAMPLE RECEIVED ¢ July 198)

RMC 1.D. w373 DATE ANALYSIS COMPLETED 5 August 1981

VOLATILES
v/l re/l

acrolein wr 1,2-dichloropropane A
acrylonitrile ** 1,3-dichloropropylenel *
benzene ND ethylbenzene 30.4
carbon tetrachloride v methylene chloride 1.4
chlorobenzene __ 9.6 methyl chloride * -
1,2-dichloroethane 4.2 methyl bramide »
1,1,1-trichloroethane 1.4 bromoform ND
1,1-dichloroethane ND dichlorobromomethane ND
1,1,2-trichloroethane ND trichlorofluocramethane 2.6
1,1,2,2-tetrachloroethane D dichlorodifluoramethane *
chloroethane * chlorodibraomome thane ND
2-chlorocthylvinyl ether ND ﬁetrachloroet.hylene : 19.3
chlorofonm 3.1 toluene 30.9
1,1-dichloroethylene ND trichloroethylene 13.1
1, 2-trans-dichloroethylene 40.2 vinyl chloride bl

ND ~ Less than 1 ug/kg
* - Less than 10 wg/kg -
** - Less than 100 ug/kg

13,3~cis-dichloropr

lene and 1,3~trans

values reported indicate the sum of both

~dichlo

compounds

104

ropropylene could not be resolved,
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SIMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLILNT West Lake

CLIENT I.D._ BH-35 DATE SAMPLE RECEIVED 6 July 1981

RC I.D. 4574 DATE ANALYSIS COMPLETED 16 July 1981

ACID COPONDS

/1
2,4,6-trichlorophenol *
o—~chloro-m—cresol - __ N
2-chlorophenol 1414.7
2,4-dichlorophenol __ND
2,4-dimethylphencl ND
2-ni{trophenol __N
{-n{trophenol *
2,4-dinitrophenol =
4,6~din{tro~o~cresol *
pentachloropheno "
phenol - _159.0

ND - Less than 1 g/l
* - Less than 25 wg/l1
** - Less than 250 pg/1

- 105



SUMMARY OF ORGANTC PRIQRRITY POLLUTANT ANALYSIS

CLIINT West Lake

CLIINT I.D. BH-35

(NPDES)

DATE SAMPLE RICLIVED

~MC 1.0, #574

acenapiit hene
bonzidine
-1,2,4-trichlorobenzene
hexachlorabenzene
hexachloroethane
bis(2-chloroethyl)ether
2-chiloronaphthalene
1,2-dichilorabenzene
1, 3-dichlorobenzene
1,4-dichlorolenzene
3,3 =dichlorobenzidine
2,4-dinitrotoluene
2,6=dinitrotoluene
1,2-diphenylhydrazine
fluoranthene

4-chlorophenyl phenyl ether’

4-Lramophenyl phenyl ether
bis(z-chloroisoprop}l)ether
bls(2-ch10roethoxy)me&ane
hexachlorobutadiene
hexachlorocyclopentadiene
isophorone

naphttalene!

~ bLits (dmloruumhyl).cther

ND - Less than 1 uq/1
* = Less than 10 ug/1
** - Less than 25 ug/1

6 July 1981

DATA ANALYSIS COMPLETED 22 July 1981

nitrobenzene
N-nitrosodimethylamine
N-nitroscdiphenylamine
N-nitrosodi-n-propylamine
bis(2~-ethylhexyl)phthalate
butyl benzyl phthalate
di-n-butyl phthalate
di-n-octyl phthalate
diethyl phthalate
dimethyl phthalate
benzo (a)anthracene
b'enzo(a)pyrene
benzo (b) fluoranthene
benzo(k)fluorantbenel
chrysene
acenaphthylene
anthracene

benzo (g.h.i.) perylene
fluorene

phenanthrene

dibenzo (a,h)anthracene
indeno(1,2,3-c,d)pyrene

1

pyrene
2,3,7,8-tetrachlorodibenzo—

p-dioxin

5lelalels |5

8

8

6 |5

»

M

]Benzo(b)ﬂmranthene and benzo(k) fluoranthene could not be resolved, values reported
indicate the sum of both campounds.
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SUMMARY OF ORGANIC PRICRITY POLIUTANT ANALYSIS

CLIENT - West Lake

CLIENT I1.D. BH-35 (NPDES) DATE SAMPLE RECEIVED 6 July 1981
RLC I.D. ¥574 DATE ANALYSIS OOMPLETED 24 July 1981
PESTICIDES
ra/l pg/1
aldrin - a-BHC ND
dieldrin b-BHC ND
chlordane 940 3-BHC *
4,4'-DOT ND g-BHC AD
4,4'-DOE ND PCB - 1242 ND
4,4'-00D ND PCB - 1254 ND
endosulfan 1 * PCB - 1221 - ND
endosulfan II * PCB - 1232 ND
endosulfan sulfate * PCB - 1248 ND
endrin - PCB - 1260 ND
endrin aldehyde * PCB - 1016 ND
heptachlor ND toxaphene ND
w

heptachlor epoxide

ND - Less than 1 ug/l1
* - Less than 10 ug/l
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SUIMMARY OF ORGANIC PRICRITY POLLUTANT ANALYSIS

¥

CLIENT Wes_t_.Lake %

CLIENT 1.D.__  BH-35 DATE SAMPLE RECEIVED _ 6 July 1981 5

RMC 1.D. ¥574 DATE ANALYSIS COMPLETED 5 August 1981 :

VOLATTLES :

| 1 pa/L :

acrolein ** 1,2-dichloropropane ND .

acrylonitrile *e 1,3-dichloroprogylene! . !

benzene _ 15.7 ethylbenzene 487.9 »'

carbon tetrachloride 22.4 met.hylene chloride o 26.4

chlorobenzene N methyl chloride * -:
1, 2-dichloroethane 81.6 methyl bromide 57.6
1,1,1l-trichloroethane . ND bromoform ND
1,1-dichloroethane 18.4 dichlorobromamethane - ND
1,1,2-trichloroethane ND trichlorofluoramethane 1479
1,1,2,2-tetrachlorocethane ND dichlorodifluoromethane *
chloroethane * chlorodibromome thane ND
2-chloruetliylvinyl ether . tetrachloroethylene 45.3

chloroforu 25.1 toluene : 277.1 )

1,1-d&ichloroethylene 5.2 trichloroethylene 724.9
1, 2-trans-dichloroethylene 7.7 vinyl chloride *'

-

ND - Less than 1 ug/kg
* - Less than 10 ug/kg
** - Less than 100 ug/kg )

e oo o

11,,3-cis-dichloropropylene and 1,3-trans-dichloropropylene could not be resolved,
values reported indicate the sum of both compounds.
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Chemical Analysis of Radioactive Material From Areas 1 and 2

Table 13
Concentration in ppm

Offsite Area 1 Area 1 Area 1 Area 2
Bkg Surface Surface Borehole Surface

Sample (#101) (#102) (#103) (#104)
Barium 250 300 1811 2386 1158
Lead 16 15 108 121 11
Zinc 132 146 94 76 28
Sulfate 20 15 108 121 11
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Area 2
Surface
(#105)

50
167
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Summary of Background Measurements in the Vicinity of West Lake Landfill,
St. Louis County Missouri

Table 14

Sample Type

Flux (Av) (pCi/m2.s)
Exposure Rate (uR/hr)
Soil Conc. (Ra-226 pCi/gm)

HVAS (W.L.)

0.50 +/- 54%
10.6
2.6 +/- 23%

1.1E-3

Taussig Road

0.58 +/- 27%
8.0
2.5 +/- 19%

5E-3

Background Location--——-=-—-cmeeo—ee——

01d Sst, Charles Rock Road




Target Criteria and Measurements LLDs for West Lake Landfill

Table 15
Soil Contaminants

Nuclide Target Criteria LLD
Ra-226 5pCi/g 1pCi/g
Total U 15pCi/g 3pCi/g
U-238 30pCi/g 6pCi/g
U-235 30pCi/g 6pCi/qg
Th-232 5pCi/g 1pCi/g
Th-230 15pCi/g 3pCi/g

Water and Airborne Contaminants
Nuclide Target Criteria LLD
All MPC Unrestricted 20% MPC
Radon Daughters 0.03 wW.L. 0.006 W.L.
Ra-226 (water) 3E-8 uCi/ml 6E-9 uCi/ml

Nuclide

External Radiation
Target Criteria LLD

20 uR/hr 4 uR/hr
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Radiological Survey Instruments and Methods



A. Portable Survey Instrument

The portable survey 'instruments used at West Lake
included two <complete sets of Johnson equipment, which
consist of battery operated rate meters, scalers and alpha,
beta and gamma probes. These systems (see Figure I-1l) are
totally portable and can be wused in the field for both

measurements and sample counting.

The alpha probes use a ZnS (Ag) scintillation detector;
the beta detector is a thin window (l.4mg/cm2 mica) CM tube,
and the gamma detector is a 2" by 2" NaI(Tl) crystal. The
alpha and beta probes were calibrated with "NBS traceable”
sources at the RMC calibration facility in Philadelphia and
the gamma scintillator was cross-calibrated with a primary

ionization chamber system, described below.

B. Ionization Chamber System

External gamma dose rates were accurately measured with
the RMC constructed Tissue Equivalent Ionization Chamber
System (Figure I-2). This system consisted of a 16 1liter
tissue equivalent, gas filled ionization chamber (Shonka
chamber), a Keithley vibrating capacitor ‘electrometer, a
printer and battery pack. It is capable of measuring dose

rates at background levels to a precision of a few percent.

Since this system is bulky and somewhat fragile, it is
not as suited for extensive field measurements as a smaller,
lightweight NaI(Tl) portable survey instrument. Therefore,
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the NaI(Tl) detector was used for the majority of the field

gamma measurements. Since this detector's response is

energy dependent, it cannot be used as a "micro R meter”
R [

unless it is initially calibrated for such use.

The calibration performed by RMC consisted of
accurately measuring the exposure rate at several locations
at West Lake Landfill, using the - Tissue Equivalent
Ionization Chamber, then recording NaI(Tl) measurements at
the same location. in this manner a set of NaI(T1)
count-rate versus exposure rates were obtained and a uR/hr

calibration factor established, as shown in Figure I-3.

Due to the energy dependence of the Nal detector, this
conversion factor will apply only to the radionuclides and
geometries for which the calibrations were made. In the
case of West Lake, analyses have verified the presence only
of naturally occurring nuclides of the wuranium series
(Ra-226 and daughters), thorium series and potassium.
Therefore, the conversion factor established at West Lake
will | apply only to naturally occurring radionuclides

distributed in soil.
C. Mobile Lab Gamma Analysis System

The mobile lab gamma analysis system (Fiqure I-4)
consists of a PGT 15% efficient (relative to a 3" x 3"
NaI(Tl) crystal) intrinsic germanium (IG) detector, shield

and Tennecomp TP-50 laboratory computer data acquisition
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module. The analysis system was calibrated for all counting

geometries with an NBS supplied Eu-152 soufce.

Each count was analyzed by a computer program for
determination of gamma energies and peak areas. All results
were printed out immediately following analysis on-site, and
data was stored on floppy discs for future analysis, as

needed.

Samples were sealed in counting containers and stored
to allow for complete ingrowth of radon and daﬁqhters,
whenever possible. In these cases, Ra-226 was determined by
counting the daughter Bi-214 gamma-ray lines at 609 and 1764
KeV. Pb-214 was determined by the 295 and 352 KeV lines,
U-238 from its 93 KeV line, Ra-223 from its 270 KeV line,
Rn-219 from ité 401 KeV line, Pb-211 from its 405 and 832
KeV lines, Th-227 from its 237 KeV line and K-40 from its

1462 KeV line.

Typical LLDs for Ra-226 were 0.1 pCi/g in soil and
vegetation, and 0.4 pCi/1l in water. For Rn-219 daughters on
air filters, LLDs were 0.4 pCi/l. The LLD for U-238 in soil

was on the order of 1 pCi/g.
D. Auger Hole Logging System

Detailed logging of selected auger holes was performed
with the syétem shown in Figure I-5. This system consists
of a custom designed EG&G Ortec intrinsic germanium detector
(108 eff) with a narrow dewar, éoupled to a Tracor-Northern
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1750 MCA used for data acquisition and 1initial field

evaluations. Data was stored on a tape cassette recorder,
then transferred to the lab computer system for final
analysis. The entire system, including an NIM module power
supply with a bias power supply and amplifier, was powered
in the field by a portable 5000 watt gasoline-driven

generator.

The logging system was calibrated as deécribed in
Attachment 1. Field counting times varied from 2 minutes to
10 minutes at each location, depending upon the 1level of
activity present. Typical LLDs for this system and
relatively short count times are 0.3 pCi/g for Bi-214, 1
pCi/g for U-238, 0.2 pCi/g for Pb-212 and 0.1 pCi/g for

K-40.

The field use of this system was somewhat 1limited by
initial failure due to high humidity éffects on the pre-amp
components and thermal ihsulation of the detector housing.
These problems were partially corrected by sealing the
detector in an outer container and allowing dry air to flow

through the container,
E. Radon Analysis Systems

Radon flux was determined using the accumulator system
shown in Figure 1I-6, which 1is similar to those used by

Wilkening [1l] and others. Accumulation times varied from 15

minutes to 2 hours. Gas samples were drawn and counted in
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the EDA Radon Detector, usually 2 hours after sampling, to

-allow for daughter ingrowth. Standard MSA charcoal
canisters were used for the canister.metﬁod, aé-described by

Countess [2].
F. Alpha-Beta Counting System,

All samples were counted for gross alpha or beta

activity on the Gamma Products low background gas flow

propeortional counter, shown in Fiqure I-7. The system is

automatic and can be programmed for a variety of counting

parameters.
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(1]

[2]

REFERENCES

M. Wilkening, "Measurement of Radon Flux by the
Accumulatiqn Method", Workshops on Methods for
Measuring Radiation in and Around Uranium Mills, 3, 9,
1977, pp. 131-137. -

R. J. Countess, "Measurements of Rn-222 Flux with

Charcoal Canisters" ibid. pp. 139-147.
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Figure I-1. Portable Survey Instrument Kit.
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High sensitivity tissue equivalent jonization chamber system.
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Figure -5,
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ATTACHMENT 1 TO APPENDIX I



INTRINSIC GERMANIUM WELL LOG

DETECTOR CALIBRATION

The intrinsic germanium detector was connected to the

pulse height. analysis system consisting of the following

components:

Ortec Model 459 High Voltage Power Supply
Canberra 2011 Spectroscopy Amplifier
Tracor Northern 1750 MCA

"Teletype Model 43 Printer

Gain and voltage supply settings were adjusted to
obtain an energy spectrum of 0 to 2000 kev, which

corresponds to approximately 1 kev per channel.

Calibration of the well logging system was performed
using the «calibration rig shown in Fiqure 1. This rig is
constructed as a series of four concentric rings surrounding
a 6 inch PVC casing. Each ring contains thin plastic tubes
1-1/4" diameter by 36" long. A set of "source rods" and
"background rods" were prepared and loaded into these tubes
in a variety of configurations for the various calibration

and test counts.

The geometry of the rig is such that the distance from
the center of the casing (or detector) to the center of the
innermost ring is 3.75 inches, to the center of the second

ring is 5.0 inches, to the center of the third ring is 6.25
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inches, and to the center of the fourth ring is 7.50 inches.

All voids between tubes were filled with low background
sand. It was determined that the ratio of source volume in
each ring to the total ring area was about 0.6. Hence, when
source rods were fully 1loaded into a given ring, the
activity counted represented approximately 60% of the total
area (volume) the detector viewed, and counts were adjusted

accordingly.

Each source tube is a 12 inch high by 1 inch diameter
tube filled with a material containihg Eu~-152. The source
material was prepared by mixing the standard Eu-152 source
solution with pléstef of paris, at a constant ratio designed
to give a uniform specific activity of 440 pCi/gram.
Background rods were filled with "clean" plaster of paris.
Plaster of paris was chosen because of its ease of handling,
ability to wuniformly distribute the source throughout the
material, and ;ts density, which approximates that of common
soil. (Density of so0il, 1.7-2.3 g/cubic cm; density of

plaster, 1.5 g/cubic cm; density of sand, 1.4 g/cubic cm)

Four different confiqurations of source and blank tubes
were used for the calibration. Source tubes were placed
three high in one of the four concentric rings of the rig
for each count while the balance of the rig was filled with
‘blanks. These confiqurations correspond to the source
material being a radial distance of 3.75, 5.00, 6.25 and

7.50 inches from the detector.
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Each configuration was counted for 900 seconds, and the

area under each of the eight major Eu-152 photopeaks

determined for each count.

Calculation of counts per gamma per gram was determined

by the following method:

NCNTS/GAMMA/GRAM =

[NCNTS)/[(440pCi/g) (3.7E-2d/s/pCi) (900s) (ABUNDANCEgamma/d) ]

For each gamma energy, the net -counts/gamma/gram Vs
distance from the center of the detector was listed. These
response curves were then plotted for each energy, for
distances and activities which extend to zero net counts.
This represents an "infinite" distance from the detector.
Using these curves, the total counts from the detector to an
infinite distance was calculated by integrating the area
under the curve using Simpson's rule for approximating
integrals. Of prime importance 1is the integral from 2
inches to infinity, since this is the area the detector will

view when placed inside a 4 inch PVC casing.

Finally, the integrated net count/gamma/gram, froh 2
inches. to infinity, was plotted vs energy, for each of the
Eu-152 photons. With this efficiency curve, a specific
activity in soil (pCi/gram) can be determined from a bore
hole count, assuming the radionuclide can be identified and

its gamma abundance determined. The calculation is:
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count, with a 95% confidence

pCi/q.
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ABSTRACT

The West Lake Landfill is located near the city of St. Louis in Bridgeton, St.
Louis County, Missouri. The site has been used since 1962 for disposing of mu-
nicipal refuse, industrial solid and liquid wastes, and construction demolition
debris.

This report summarizes the circumstances of the radioactive material in the
West Lake Landfill. The radioactive material resulted from the processing of
uranium ores and the subsequent sale by the AEC of processing residues. Pri-
mary emphasis is on the radiological environmental aspects as they relate to
potential disposition of the material. It is concluded that remedial action
is called for.
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1 INTRODUCTION AND BACKGROUND

This report summarizes the circumstances of the radioactive material in the
West Lake Landfill (Figure 1), in particular, the radiological environmental
aspects as they relate to potential disposition of the material.

The West Lake Landfill, Inc. property is a 200 acre tract in Bridgeton,

St. Louis County, Missouri, on the outskirts of the city of St. Louis. It is
about 4 miles west of St. Louis' Lambert Field International Airport, near the
intersection of interstate highways I1-70 and 1-270. Limestone was quarried
there from 1939 to 1987. Also on the property is an industrial complex where
concrete ingredients are measured and combined, and where asphalt aggregate is
prepared. Since 1962, portions of the property have been used as landfills for
disposing of municipal refuse, industrial solid and liquid wastes, and construc-
tion demolition debris. In 1973, soil contaminated with radicactive material
was placed in a landfill there.

The radioactive material originated with uranium-ore-processing residues which
had been stored at Lambert Airport by the U.S. Atomic Energy Commission (AEC),
and which were sold in early 1966 to the Continental Mining and Milling Company,
of Chicago, Il1linois. The AEC's invitation to bid listed the following residues
for purchase: 74,000 tons of Belgian Congo pitchblende raffinate containing
about 113 tons of uranium; 32,500 tons of Colorado raffinate containing about
48 tons of uranium; and 8700 tons of leached barium sulfate containing about 7
tons of uranium. The material was moved from the airport during 1966 to nearby
9200 Latty Avenue, Hazelwood, Missouri. In January 1967, the Commercial Dis-
count Corporation of Chicago took possession of the residues to remove moisture
and to ship the residues to the Cotter Corporation facilities in Canon City,
Colorado. In December 1969, the remaining material was sold to the Cotter Cor-
poration. In the following four years, the residues, with the principal
exception of the 8700 tons of leached barium sulfate, were shipped to Canon

City.!

In April 1974, Region III representatives of NRC's Office of Inspection and
Enforcement visited the Cotter Corporation's.Latty Avenue site to check on
the progress of the decommissioning activities being performed there. This
inspection disclosed that in 1973 Cotter Corporation had disposed of approxi-
mately 8700 tons of leached barium sulfate residues mixed with 39,000 tons of
top soil at a local landfill.l

By letter dated June 2, 1976, the Missouri Department of Natural Resources
(MDNR) forwarded to the NRC's Region III office newspaper articles which alleged
that only 9000 tons of waste had been moved from the Latty Avenue site rather
than 40,000 tons and that it was moved to the West Lake Landfill rather than to
the St. Louis Landfill No. 1. Region III personnel investigated the allegations
and found that 43,000 tons of waste and soil had been removed from the Latty
Avenue site and had been dumped at the West Lake Landfill in Bridgeton, and
that the waste was covered with only about 3 feet of soil.!

Discussion with the West Lake Landfill operators indicated that all of the
material from Latty Avenue had been disposed of in one area; however, an aerial

1
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survey of the site identified two areas of contamination. The second contami-
nated area is identified as Area 1 in Figure 2.2 Subsequently, the NRC spon-
sored other studies that were directed at determining the radiological status of
the landfill. An extensive survey was initiated in November 1980 by the Radia-
tion Management Corporation (RMC) under contract to the NRC. The findings were
published in May 1982 in NUREG/CR-2722, "Radiological Survey of the West Lake
Landfill, St. Louis County, Missouri."® 1In March 1983, the NRC through Oak
Ridge Associated Universities (ORAU) contracted with the University of Missouri-
Columbia (UMC), Department of Civil Engineering, to describe the environmental
characteristics of the site, conduct an engineering evaluation, and propose
possible remedial measures for dealing with the radioactive waste at the West
Lake Landfill. In May 1986, ORAU sampled water from wells on and close to the
landfill to determine if the radioactive material had migrated into the ground-
water. A report js being prepared detailing the results of the investigations
conducted by UMC and ORAU.?2

Information from all these sources and from NRC site visits forms the basis
for this report.

2 DESCRIPTION OF THE SITE
Location

The 200-acre West Lake Landfill site is situated on the southwest side of

St. Charles Rock Road in Bridgeton, St. Louis County, Missouri (Figure 1).2
It is about 16 miles northwest of the downtown area of the city of St. Louis,
and about 4 miles west of Lambert Field International Airport (Figure 1). It
is approximately 1.2 miles from the Missouri River.

History

The West Lake Landfill has been used since 1962 for the disposal of municipal
refuse, industrial solid and 1iquid wastes, and construction demolition debris.
Between 1939 and the spring of 1987, limestone was quarried there. Landfiil
operations filled in some of the excavated pits from the quarry operations.
Also on the property is an active industrial complex in which concrete ingre-
dients are measured and combined before mixing ("batching"), and asphalt
aggregate is prepared.

The unregulated landfill, in which the radioactive material was placed in 1973,
was closed in 1974 by the Missouri Department of Natural Resources (MDNR).

Also in 1974, under an MDNR permit, a newer sanitary landfill was opened and

now operates in an adjacent area on the West Lake Landfill property. The newer
landfill is protected from groundwater contact. The bottom of the new landfill
is lined with clay, and a leachate collection system has been installed. Leach-
ate is pumped to a treatment system consisting of a lime precipitation unit fol-
lowed in series by an aerated lagoon and two unaerated lagoons. The final lagoon
effluent is discharged into St. Louis Metropolitan Sewer District sewers.?

Ownership

Since 1939, the West Lake Landfill has been owned by West Lake Landfill, Inc.,
of 13570 St. Charles Rock Road, Bridgeton, Missouri.
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Contaminated Areas

Radioactive contamination at the West Lake Landfill has been 1dent1f1ed in two
separate soil bodies (Figure 2).

The northern area (referred to as Area 2) covers about 13 acres® and lies above
16 to 20 feet of landfill debris. The contaminated soil forms a more or less
continuous layer from 2 to 15 feet in thickness and consists of approximately
130,000 cubic yards of soil. Some of this contaminated soil is near or at the
surface particularly along the face of the northwestern berm. Beneath the
]andfi]] debris, the soil profile consists of 3 to 7 feet of floodplain top
soil overlying 30 to 50 feet of sand and gravel alluvium.

The southern area of contamination (Area 1) covers about 3 acres® and contains
roughly 20,000 cubic yards of contaminated soil. This body of soil is located
east of the landfill's main office at a depth of about 3 to 5 feet and is lo-
cated over a former quarry pit which was filled in with debris. The depth of
debris beneath the contaminated soil is unknown but is estimated to be 50 to
65 feet. Limestone bedrock underlies the landfill debris.?

Topography

About 75 percent of the landfill site is located on the floodplain of the
Missouri River (Figure 2) at about 440 feet above mean sea level (ms1). The

site topography is subject to change because of the types of activities (e.g.,
landfilling and quarrying) performed there. However, the areas containing the
radioactive waste have their surface at about 470 feet (msl1). The surface runoff
in the area around the landfill follows several surface drains and ditches that
run in a northwest direction and drain into the Missouri River.2?

Geology

Bedrock beneath the West Lake Landfill consists of limestone that extends down-
ward to an elevation of 190 feet msl. The limestone is dense, bedded, and
except for intermittent layers that consist of abundant chert nodules, fairly
pure. The Warsaw Formation, which lies directly beneath the limestone, is made
up of approximately 40 feet of slightly calcareous, dense shale; this grades
into shaley limestone toward the middie of the formation. Bedrock beneath the
site dips at an angle of 0.5° to the northeast. Five miles east of the site,
the attitude of the bedrock is reversed by the Florissant Dome.?

Since groundwater moving through carbonate rocks often creates channels for
rapid water flow, the possibility of this occurring in the West Lake Landfill
area was considered. Brief observation of the quarry walls at the landfill
suggests that some of the limestone has dissolved. In a letter to West Lake
Landfill, Inc., the Missouri Department of Natural Resources stated that the
fact that grouting was necessary in the quarry area to block water inflow sug-
gests that the limestone is at least somewhat solution weathered.* However,
in the draft UMC report, the opinion is expressed that the solution activity
has apparently been 1imited to minor widening of joints and bedding planes near
the bedrock surface, and that, at depth and when undisturbed, the limestone is
-fairly impervious.2 It is not clear whether the views represented by these
statements are in conflict.



Soil material in the area may be divided into two categories: Missouri River
alluvium and upland loessal soil. This demarcation is shown as the historical
edge of the alluvial valley in Figure 2. The division is made on the basis of
soil composition, depositional history, and physical properties. The West Lake
Landfill lies over this transition zone.?

Hydrology

Groundwater flows in the area surrounding the West Lake site through two aqui-
fers: the Missouri River alluvium and the shaliow limestone bedrock. Although
the limestone is fairly impervious and groundwater flows in most areas from the
bedrock into the alluvium, contamination of water in the bedrock aquifer is
possible. The base of the limestone aquifer is formed by the relatively imper-
meable Warsaw shale at an elevation of about 190 feet (msl1). This shale layer
has been reached, but not disturbed, by quarrying operations. Therefore, the
Warsaw shale acts as an aquiclude, making contamination of the deeper limestone
unlikely.

The deep Missouri River alluvium, which is under about 10 feet of more-recent

alluvium, acts as a single aquifer of very high permeability. This aquifer is
relatively homogeneous in a downstream direction and decreases in permeability
near the valley walls.

The water table of the Missouri River floodplain is generally within 10 feet of
the ground surface, but at many points it is even shallower. At any one time,
the water levels and flow directions are influenced by both the river stage and
the amount of water entering the floodplain from adjacent upland areas.

Water levels recorded between November 1983 and March 1984 in monitoring wells
at the landfill, indicate a groundwater gradient of 0.005 flowing in a N 30°W
direction beneath the northern portion of the landfill. This represents the
likely direction of leachate migration from the landfill.

Since no other recharge sources exist above the level of the floodplain, the
only water available to leach the landfill debris is that resulting from rain-
fall infiltrating the landfill surface. Because the underlying alluvial
aquifer is highly permeable, there will be littie "mounding" of water beneath
the landfill. Also, the northern portion of the landfill has a level surface,
and thus it is Tikely that at least half of the rainfall infiltrates the sur-
face. The remaining rainfall is lost to evapotranspiration and (to a lesser

degree) surface runoff.?

No public water supplies are drawn from the alluvial aquifer near the West Lake
Landfill. It is believed that only one private well in the vicinity of the
landfill is used as a drinking-water supply. This well is 1.4 miles N 35°W of
the Butler-type building on the West Lake Landfill.

Because of the extremely low slope of the Missouri River floodpiain surface,
rain falling on the plain itself generally infiltrates the soil rather than
running off the surface. The only streams present on the floodplain are those
that originate in upland areas. Drainage patterns on the plain have been rad-
ically altered by flood control measures taken to protect Earth City and by
drainage of swamps and marshes. Because of the relationship that exists



between river level and groundwater level in portions of the floodpliain near
the river, streams may either lose flow (at low stage) or gain flow (at high
stage).

The present channel of the Missouri River lies just under 2 miles west and
northwest of the landfill. The Missouri River stage at St. Charles (mile 28)
is zero for a water level of 413.7 feet (msl). Average discharge of the
Missouri River is 77,338 cubic feet per second.

Water supplies are drawn from the Missouri River at mile 29 for the city of

St. Charles, and the intake is located on the north bank of the river. Another
intake at mile 20.5 is for the St. Louis Water Company's North County plant.
The city of St. Louis takes water from the Mississippi River, which is joined
by the Missouri River downstream from the landfill. The intake structures for
St. Louis are on the east bank of the river, so that the water drawn is derived
from the upper Mississippi.? '

Demography

Two small residential communities are present near the West Lake Landfill:
Spanish Lake Village consists of about 90 homes and is located 0.9 mile south
of the landfill, and a small trailer court lies across St. Charles Rock Road,
0.9 mile southeast of the site. Subdivisions are presently being developed 1
to 2 miles east and southeast of the landfill in the hills above the floodplain.
Ten or more houses lie east of the landfill, scattered along Taussig Road. The
city of St. Charles is located north of the Missouri River, more than 2 miles
from the landfiil.?

Population density on the floodplain is generally less than 26 persons per square
mile, but the daytime population (including factory workers) is much greater than
the number of full-time residents. Earth City Industrial Park is located on the
floodplain 0.9 to 1.2 miles northwest of the landfill. The Ralston-Purina
facilities are located 0.2 mile northeast of the Butler-type building at the
landfill. Considering that land in this area is relatively inexpensive and that
much of it is zoned for manufacturing, industrial development on the floodplain
will likely increase.?

3 RADIOLOGICAL SURVEYS

From August 1980 through the summer of 1981, the Radiation Management Corpora-
tion (RMC), under contract to the NRC, performed an onsite evaluation of the
West Lake Landfill3 to define the radiological conditions at the landfill. The
results were utilized in performing this determination regarding whether or

not remedial actions should be taken.

The area to be surveyed was divided into 33-foot grid blocks and included the
following measurements:

(1) external gamma exposure rates 3.3 feet above the ground surface and
beta-gamma count rates 0.4 inch above the surface;

(2) radionuclide concentrations in surface soils;

(3) radionuclide concentrations in subsurface deposits;



(4) total ("gross") activity and radionuclide concentrations in surface and
subsurface water samples;

(5) radon flux emanating from surfaces;
(6) airborne radiocactivity; and
(7) total activity in vegetation.

External Gamma

The two areas of elevated external (gamma) radiation levels, as they existed in
November 1980 at the time of the preliminary RMC site survey, both contained
places where levels exceeded 100 pR per hour at 3.3 feet. In Area 2, gamma
levels as high as 3000 to 4000 uR per hour were detected. The total areas ex-
ceeding 20 pR per hour were about 2 acres in Area 1 and 9 acres in Area 2.3
(The criterion of 20 uR per hour is derived from the NRC's Branch Technical
Position, 46 FR 52061, October 23, 1981, which aims at exposure rates less

than 10 pR per hour above background ]eve]s background radiation was taken to
be 10 uR per hour also.)

External gamma levels were measured in May and July of 1981. These levels were
significantly smaller than the November 1980 values, especially in Area 1,
because approximately 4 feet of sanitary fill had been added to the entire area,
and an equal amount of construction fill was added to most of Area 2. As a
result, only a few thousand square feet in Area 1 exceed 20 pR per hour. In
Area 2, the total area exceeding 20 pR per hour decreased by about 10 percent,
and the h1ghest levels were about 1600 pR per hour near the Butler-type
building.3

Surface Soil Analysis

A total of 61 surface soil samples were gathered and analyzed on site for gamma
activity. Concentrations of U-238, Ra-226, Ra-223, Pb-211, and Pb-212 were
determined for each sample. In all soil samples, only uranium and/or thorium
decay chain nuclides and K-40 were detected. Offsite background samples were
on the order of 2 pCi per gram for Ra-226. Onsite samples ranged from about 1
to 21,000 pCi Ra-226 per gram and from less than 10 to 2100 pCi U-238 per gram.

In samples in which elevated levels of Ra-226 were detected, the concentrations of

U-238 were generally one-half to one-tenth of those of Ra-226 In cases of
e]evated sample activity, daughter products of both U-238 and U-235 were
found. 3

In general, surface activity was limited to Area 2, as indicated by the surface
beta-gamma measurements. Only two small regions in Area 1 showed surface con-
tamination; both were near the access road across from the site offices.

" In addition to onsite gamma analyses, 12 samples were submitted to RMC's radio-
chemical laboratories for thorium and uranium radiochemical determinations.

The results of these measurements (Table 4 of NUREG/CR-2722) show that all sam-
ples contained high levels of Th-230. The ratio of Th-230 to Ra-226 (1nferred
from Bi-214) generally ranges from 4:1 to 40:1.



Subsurface Soil Analysis

Subsurface contamination was assessed by extensive "logging" of holes drilled
through the landfill. Several holes were drilled in areas known to contain con-
tamination, then additional holes were drilled at intervals in all directions
until no further contamination was detected. A total of 43 holes were drilled
(11 in Area 1 and 32 in Area 2), including 2 offsite wells for monitoring water.
A1l holes were drilled with a 6-inch auger and were lined with 4-inch PVC
(polyvinyl chioride) casing.?

Each hole was scanned with a 2-inch NaI(T1) detector and rate meter system for
an initial indication of the location of subsurface contamination. On the basis
of the initial scans, 19 holes were selected for détailed gamma logging using
the intrinsic germanium (IG) detector and multiple channel analyzer. Concentra-
tions of Ra-226, as determlned by the IG system, ranged from less than 1 pCi per
gram to 22,000 pC1 per gram.3

It was determined that the subsurface deposits extended beyond areas in which

surface radiation measurements exceeded the reference level of 20 pR per hour.
The lateral extent of material exceeding 5 pCi Ra-226 per gram, including

both surface and buried materials, is shown on Figure 2. The total difference
in areas is about 5 acres.

The surface elevations vary by about 20 feet, and the highest elevations occur
at locations of more recent fill. Contaminated soil (>5 pCi Ra-226 per gram)
is found from the surface to depths as great as 20 feet below the surface. 1In
general, the contamination appears to be a continuous single layer ranging from
2 to 15 feet thick and covering 16 acres.?

Nonradiological Analysis

Six composite samples were submitted to RMC's Environmental Chemistry Labora-
tory for priority pollutant analysis. Five samples were taken from auger holes
(one from Area 1 and four from Area 2) and the sixth was taken from sludge from
the West Lake Landfill leachate treatment plant. The analysis shows organic
solvents present in the Area 2 samples. Positive results were reported for 25
Tisted organic compounds. Chromium, copper, lead, nickel, and zinc were the
predominant elemental priority pollutants detected. The analysis of the

sample from the leachate treatment sludge showed that it had smaller pollutant
concentrations than the samples from the auger holes.3

Chemical analyses of material from the radioactive layer from both areas were
also performed by RMC's laboratory. In most cases, elevated levels of barium
and lead were found.

Background Radiocactivity Measurement

Several offsite locations (within a few miles of the West Lake Landfill) were
selected for reference background measurements. Background values were all
within the normal range. The gamma exposure rates were 8 and 10.6 pR per hour.
Radium-226 concentrations in soil were 2.5 and 2.6 pCi per gram. Radon flux
from the ground surface was 0.50 and 0.58 pCi per square meter-second; working
level values were 0.0011, 0.0017, and 0.005 WL.3



Airborne Radioactivity Analysis

Both gaseous and particulate airborne radioactivity were sampled and analyzed
during this study. Since it was known that the buried material consisted par-
tially or totally of uranium ore residues, the sampling program concentrated on
measuring radon and its daughters in the air. Two methods were used: the first
was a scintillation flask (accumulator) method for radon gas, and the second
was analysis of filter paper activity for particulate daughters. A series of
grab samples using the accumulator method were taken between May and August of
1981. A total of 111 samples from 32 locations were collected. Measurable
radon flux levels ranged from 0.2 pCi per square meter-second in low background
areas to 865 pCi per square meter-second in areas of surface contamination.3

At three locations, measurements were repeated over a period of 2 months. Sig-
nificant fluctuations were observed at two locations. The fact that these fluc-
tuations were real and not measurement artifacts was later confirmed by dupli-
cate charcoal canister samples.

A set of 10-minute, high-volume, particulate, air samples was taken to determine
both short-lived radon daughter concentrations and long-lived gross alpha activ-
ity. The highest levels (0.031 WL) were detected in November 1980, near and
inside the Butler-type building. These two samples approximately equal NRC's

10 CFR Part 20, Appendix B, alternate concentration 1imit of one-thirtieth WL
for unrestricted areas. In addition to the routine 10-minute samples, five
20-minute, high-volume, air samples were taken and counted immediately on the IG
gamma spectroscopy system to detect the presence of Rn-219 daughters. All
samples were taken near surface contamination. Concentrations of Rn-219
daughters ranged from 6 x 10-11! to 9 x 10-1© yuCi per cubic centimeter.3

Vegetation Analysis

Vegetation samples collected by RMC included weed samples from onsite locations
and farm crop samples (winter wheat) near the northwest boundary of the land-
fi11. This location was chosen because water could run off from the fill onto
the farm field. No elevated activities were found in these samples.3

Water Analysis

A total of 37 water samples were taken by RMC and analyzed for gross alpha and
beta activity. Four samples were taken in the fall of 1980 and the remainder
in the spring and summer of 1981. One sample was equal to the U.S. Environmen-
tal Protection Agency (EPA) gross-alpha-activity standard for drinking water of
15 pCi per liter and that was a sample of standing water near the Butler-type
building. Several samples, including all the leachate treatment plant samples,
exceeded the EPA drinking water action level for gross beta activity. Subse-
quent isotopic analyses indicated that the beta activity could be attributed to
K-40. None of the offsite samples exceeded either EPA standard.®

In 1981, the Missouri Department of Natural Resources collected 41 water samples
that RMC analyzed for radioactivity. Of these samples, 5 were background, 10
were onsite surface water, 10 were shallow groundwater standing in boreholes,
and 16 were landfill leachate. From these data, background activity is esti-
mated as 1.5 pCi gross alpha activity per liter and 30 pCi gross beta activity
per liter. One groundwater sample was at 15 pCi gross alpha per liter, and one
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surface water sample was 45 pCi per liter. Most of the leachate samples were
above 50 pCi beta per liter.3

In addition, groundwater samples in 1l perimeter monitoring wells at the West

Lake Landfill were taken by the Reitz and Jens Engineering firm on November 15, 1983,
and by University of Missouri at Columbia (UMC) personnel on March 21, 1984.

In both sampling times, one well, but not the same one, exceeded the EPA's

drinking water standard of 15 pC1 per liter (18.2 pCi per liter in 1983 and 20.5

pCi per liter in 1984). On May 7 and 8, 1986, Oak Ridge Associated Universities
(ORAU) personnel took water samples from 44 per1meter wells; only one (by 01d

St. Charles Rock Road) with 17 pCi alpha act1v1ty per liter exceeded the drinking
water standard.?

The operators of the landfill, West Lake Landfill, Inc., have an ongoing hydro-
geologic investigation of the site, which also 1nvo]ves ana1yses of monitoring
well samples for radioactivity and for priority pollutants.4

4 ESTIMATION OF RADIOACTIVITY INVENTORY

Soil sample analyses have shown that the radioactive material in Areas 1 and 2
of the landfill consists almost entirely of natural uranium and its radicactive

decay products.

The analyses of soil samples indicate that the naturally occurring U-238 to

Th=-230 to Ra-226 equilibrium has been altered and that the ratio of Ra-226 to
U-238 is on the order of 2:1 to 10:1; the ratio of Th-230 to Ra-226 generally
ranges from 4:1 to about 40:1. These ratios are in accord with the history

of the radionuclide deposits in the West Lake Lapdfill, i.e., that they came
from the processing of uranium ores. The indicator radionuclides for assess-
ment of the radiological impacts of the material are therefore U-238, Th-230,

and Ra-226.

Using the RMC data and averaging the auger hole measurements over the volumes
of radioactive material found in Areas 1 and 2, a mean concentration of 390 pCi
per gram was calculated for Ra-226.2 For the ratio of Th-230 to Ra-226, the
RMC data® range from 4:1 to 40 1; data from samples taken in 1984 along the
berm range up to almost 70:1.5 A further consideration is that the material
came from Cotter Corporation's Latty Avenue site (later sold to Futura Coatings,
Inc.). Measurements at the Latty Avenue site are variously reported as up to
180:1% and about 300:1.7 Some material of that nature might have been trans-
ferred along with the barium sulfate residues. To ensure conservatism in esti-
mating the long-term in-growth of Ra-226, the NRC staff used a ratio of 100:1
to estimate the Th-230 activity. Similarly, the Ra-226:U-238 ratio ranges

from 2:1 to 10:1. This ratio is less critical to the radiological aspect of
the site and has been estimated to be 5:1 for purposes of calculation.

Using the Th-230:Ra-226 ratio of 100:1, the Th-230 activity is 9000 pCi per
gram. If the U-238 concentration (as well as U-234 which would be similarly
separated from the ore) is a factor of 5 less than Ra-226, this implies about
18 pCi U-238 per gram. The total mass of radioactive material in the land-
fill was estimated by visually integrating the volume of radiocactive material
from graphs and multiplying by an average soil density, resulting in

1.5 x 10!! grams (150,000 metric tons) of contaminated soil.
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These numbers indicate that there are about 14 Ci of Ra-226 contajned with its
decay products in the radijoactive material in the landfill. The material also
contains about 3 Ci each of U-238 and U-234, and about 1400 Ci of Th~230.
These estimates indicate the order of magnitude of the guantities to be dealt
with, although the estimate for Th-230 is regarded as conservatively large.

5 APPLICABILITY OF THE BRANCH TECHNICAL POSITION

The NRC has established a Branch Technical Position (BTP) which identifies five

acceptable options for disposal or onsite storage of wastes containing low

levels of uranium and thorium (46 FR 52061, October 23, 1981).8

The conceuntrations permitted under each disposal option are shown in Table 1.
Table 1 Summary of maximum soil concentrations permitted

under disposal options

Source: 46 Federal Register 52061

Disposal options

Kind of material - 18 2

Natural thorium (Th-232 + Th-228) 10 50 - 500
with daughters present and in
equilibrium. (pCi/g)

Natural uranium (U-238 + U-234) 10 - 40 200
with daughters present and in
equilibrium. (pCi/g)

3Based on EPA uranium mill tailings cleanup standards.

bConcentrations based on limiting individual doses to
170 mrem per year.

“Concentration based on Timiting equivalent exposure to 0.02
WL or less. '

Concentrations based on limiting individual intruder doses
to 500 mrem per year and, in cases of natural uranium, lim-
iting exposure to Rn-222 and other airborne alpha emitters
to 0.02 WL or less.

d

Options 1-4 provide methods under 10 CFR 20.302, for onsite disposal of
slightly contaminated materials, e.g., soil, if the concentrations of radio-
activity are small enough and other circumstances are satisfactory. The fifth
option consists of onsite storage pending availability of an appropriate
disposal method.

The material present in the West Lake Landfill is a form of natural uranium with
daughters, although the daughters are not now in equilibrium. As mentioned in
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Section 4, the average concentration of Ra-226 in the West Lake Landfill wastes
is about 80 pCi per gram, which (considered by itself) falls into Option 4 of
the BTP since Option 4 criteria are controlled by the Ra-226 content in the
wastes (i.e., 200 pCi of U-238 plus U-234 per gram would be accompanied by

100 pCi of Ra-226 per gram). However, because of the large ratio of Th-230
radioactivity to that of Ra-226, the radioactive decay of the Th-230 will in-
crease the concentration of its decay product Ra-226 until these two radionu-
clides are again in equilibrium. Assuming the ratio of activities of 100:1 used
above, the Ra-226 activity will increase by a factor of five over the next

100 years, by a factor of nine 200 years from now, and by a factor of thirty-
five 1000 years from now. A1l radionuclides in the decay chain after Ra-226
(and thus the Rn-222 gas flux) will also be increased by similar multiples.
Therefore, the long-term Ra-226 concentration will exceed the Option 4 criteria.
Under these conditions, onsite disposal, if possible, will likely require
moving the material to a carefully designed and constructed "disposal cell."

6 REMEDIAL ACTION ALTERNATIVES EXAMINED

The evaluation performed by staff of the University of Missouri at Columbia
addresses six potential remedial action alternatives, including that of leav-
ing the radioactive material as it is, designated Option A.2 Option D is

the option of excavating the material and shipping it to another site for
disposal. Options B, C, E, and F address different approaches to stabilizing
the material on the West Lake Landfill site, primarily as temporary remedial
actions. Options B, C, and F leave most of the radioactive material where it
is but include a variety of measures to contain it and its radon releases and
gamma emissions. Option E addresses the approach of constructing an onsite
earthen cell, similar to a disposal cell, and moving the radioactive material
into it. Under Option F, the radioactive material would be left in place and
separate slurry walls would be built downgradient of Areas 1 and 2 to con-
strain groundwater motion. The estimated costs of Options B through F range
from about $370,000 (Option B) to about $5,500,000 (Option F) in 1984 dollars.
The estimate for Option D is about $2,500,000, but this does not include the
cost of transporting the material to another site and disposing of it there; in
the staff's judgment, this could increase the cost by as much as a factor of ten.

Further studies are necessary to determine the most practical approach to
disposal of this material.

7 FACTORS CONTRIBUTING UNCERTAINTY

The presence in the landfill of other substances listed as hazardous by the
U.S. Environmental Protection Agency raises issues of whether the waste is
mixed waste (i.e., both radioactive and chemically hazardous), and whether
the landfill must also be disturbed to provide for proper containment of the
chemical wastes.

The manner of placing the 43,000 tons of contaminated soil in the landfill
caused it to be mixed with additional soil and other material, so that now an
appreciably larger amount is involved. If it must be moved, it is not certain
whether the amount requiring disposal elsewhere is as little as 60,000 tons

or even more than 150,000 tons.
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Because the controlling radionuclide (Th-230) has no characteristics that make
it easy to measure quantitatively in place, as can be done for the Ra-226 with
its decay products, the large but variable ratio of Th-230 to Ra-226 and its
decay products makes the delineation of cleanup more difficult. When the ratio
is so large (20:1 or more), even a small concentration of Ra-226 in 1988 im-
plies such a large concentration later that it will be necessary to employ more
difficult measurement techniques to confirm that the cleanup has been
satisfactory.

Any possibility of disposal on site will depend on adequate isolation of the
waste from the environment, especially for protection of the groundwater. It
is unclear whether the area's groundwater can be protected from onsite disposal
at a reasonable cost. This matter will require additional investigation.

8 SUMMARY

In 1973, radioactively contaminated soil amounting to approximately 43,000 tons
was deposited in the West Lake Landfill near St. Louis, Missouri. The material
originated with decontamination efforts at the Cotter Corporation's Latty Avenue
plant. Disposal in the West Lake Landfill was not authorized by the NRC. State
officials were not notified of this disposal in 1973 because the landfill was
not regulated by the State at the time.

In the period 1980-1981, Radiation Management Corporation (RMC) of Chicago,
I11inois, under contract to the NRC, performed a detailed radiological survey

of the West Lake Landfill. This survey showed that the radiocactive contaminants
are in two areas. The northern area (Area 2) covers about 13 acres. The
radioactive debris forms a layer 2 to 15 feet thick, exposed in only a small
area on the landfill surface and along the berm on the northwest face of the
landfill. The southern area (Area 1) contains a relatively minor fraction of
the debris covering approximately 3 acres with most of the contam1nated soil
buried with about 3 feet of clean soil and sanitary fill.

The RMC survey showed that the radioactivity is from the naturally occurring
U-238 and U-235 series with Th-230 and Ra-226 as the radionuclides that dom-
inate radiological impact. The survey data indicate that the average Ra-226
concentration in the radioactive wastes is about 90 pCi per gram; the staff
estimates the average Th-230 concentration to be about S000 pCi per gram.
Since Ra-226 has been depleted with respect to its parent Th-230, Ra-226 ac-
tivity will increase in time (for example, over the next 200 years, Ra-226
activity will increase ninefold over the present level). This increase in
Ra-226 must be considered in evaluating the long-term hazard posed by this
radioactive material.

In addition to RMC's radiological survey, soil and water samples were collected
and analyzed by others, including ORAU, UMC, and MDNR. Occasionally a sample of
water from a monitoring well exceeds slightly the EPA drinking water standard of
15 pCi gross alpha per liter. Sample analyses for priority poliutants (non-
radioactive hazardous substances) show a number of listed pollutants are present.
The landfill operators are also conducting a hydrogeological investigation.

From the RMC, UMC, and ORAU surveys conducted at the West Lake Landfill site
the staff has made the following findings:
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(1

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9

There is a large guantity (on the order of 150,000 tons) of soil contami-
nated with long-lived radioactive material in the West Lake Landfill.
Almost all the radioactivity consists of natural uranium and its radio-
active decay products.?

Based on the radiological surveys, the radioactive wastes as presently
stored at the West Lake Landfill do not satisfy the conditions for

Options 1-4 of the NRC's Branch Technical Position (BTP) regarding the
disposal of radioactive wastes containing uranium or thorium residues.?8

A dominant factor for the future is that the average activity concentration
of Th-230 is much larger than that of its decay product Ra-226, indicating
a significant increase in the radiological hazards in the years and
centuries to come.

Some of the radioactive material on the northwestern face of the berm has
no protective cover of soil to prevent the spread of contamination and
attenuate radiation.

Slightly more than 8 acres of the site exceed 20 HR per hour; the highest
reading of 1600 puR per hour occurs near the Butler-type building.

Radon and daughters were measured at 0.031 WL in and around the Butler-type
building. This exceeds the BTP value of 0.02 WL.

Based on monitoring-well sample analyses, some low-level contamination of
the groundwater is occurring, indicating that the groundwater in the
vicinity is not adequately protected by the present disposition of the
wastes. e

Although these radiological conditions indicate that remedial action is
needed, it is unlikely that anyone has received significant radiation
exposures from the existing situation.

Sampling results show that chemically hazardous materials have been dis-
posed of adjacent to or possibly mixed with the radioactive materjal.?
It is possible that part of the radioactive material has become "mixed"

waste.

From these findings and the information developed to date, the NRC staff con-
cludes: (1) measures must be taken to establish adequate permanent control of
the radioactive waste and to mitigate the potential long-term adverse impacts
from its existing temporary storage conditions and (2) the information devel-
oped to date is inadequate for a technological determination of several impor-
tant issues, i.e., whether mixed wastes are involved, and whether onsite dis-
posal is practical technologically, and, if so, under what alternative methods.

As indicated by the estimates developed by UMC. remedial action will be costly.
Further, the investigations to develop the necessary information to resolve
major questions and to provide a sound basis for evaluation of the feasibility
of disposal alternatives may also be costly. Therefore, it is necessary to
determine the way to accomplish the further studies and remedial actions that

are needed.
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FROM: Ron Poland i
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SUBJECT: NRC Report On Bridgeton Radioactive Material

Enclosed 1is a copy of a report recently issued by the Nuclear
Regulatory Commission (NRC) concerning radioactive material at-
the Bridgeton facility. Although we are not the owners of the
radioactive area, the report raises a number of issues which
could impact our operation.

The report notes that a portion of the property is zoned
residential. Please evaluate this to determine if this applies
to any of our current or anticipated operating areas.

The report documents the presence of solvents in the radioactive
area. This suggests they may also be present in the portions of
the site that we acquired. This is likely to result in a higher
level of scrutiny of this site by Missouri DNR and USEPA. We
need to wupgrade our understanding of site hydrogeology and

groundwater quality in order to control this situation. Please
outline a program to obtain this information and to assure that

we have the appropriate environmental controls in place.
RJIP*bc

c.C.: Nigel Guilford
Charlie Leonard
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PREFACE

This report has as its basis a characterization of the West Lake Landfill site
and evaluation of some potential remedial measures performed primarily by

S. K. Banerji, W. H. Miller, J. T. 0'Connor and L. S. Uhazy of the University

of Missouri-Columbia. The Nuclear Regulatory Commission received the first

and second drafts, then titled "Engineering Evaluation of Options for Disposition
of Radioactively Contaminated Residues Presently in the West Lake Landfill, St.
Louis County, Missouri," in 1984; thus most of the information in this report
dates from 1983-1984. However, some more recent data, principally water sampling
results, have been added. Waste disposal and other industrial activities have
continued on the 200 acre site, as have activities in the vicinity, resulting

in changes in details of topography, roads, etc. To provide a more complete
view of the radioactive material in the Tandfill, use has been made of figures
from the report titled "Radiological Survey of the West Lake Landfill, St. Louis
County, Missouri," NUREG/CR-2722, May 1982.

The remedial action concepts in this report are those proposed by the contractor.
Judgments expressed in this report about these concepts are in general those of
the contractor, and do not necessarily represent the views of the Nuclear Regu-
latory Commission. For example, the cost estimates .for these concepts are

based on radium-226 concentrations whereas the long-term issue is dependent

upon the thorium-230 concentrations.

Although some of its information has not -been updated since 1984, this report is
being released so as to make its collected information available to interested

parties.
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ABSTRACT

The West Lake Landfill is near the city of St. Louis in Bridgeton, St. Louis
County, Missouri. In addition to municipal refuse, industrial wastes and demo-
1ition debris, about 43,000 tons of soil contaminated with uranium and its radio-
active decay products were placed there in 1973. After learning of the radioac-
tive material in the landfill, the U.S. Nuclear Regulatory Commission (NRC) had
a survey of the site's Eadioactivity performed and, in 1983, contracted, through
Oak Ridge Associated Universities (ORAU), with the University of Missouri-
Columbia (UMC) to characterize the environment of the site, conduct an engineer-
'ing evaluation, and propose remedial measures. This report presents a descrip-
tion of the results of the UMC work, providing the environmental characteristics
of the site, the extent and characteristics of the radioactive material there;
some considerations with regard to potential disposal of the material, and some

concepts for remedial measures.
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SUMMARY

In 1973, approximately 7900 metric tons (mt) (8700 short tons) of radioactiVe1y
contaminated barium sulfate (BaS04) residues were mixed with about 35,000 mt '
(39,000 t) of soil, and the entire volume was placed in the West Lake Landfill
in St. Louis County, Missouri. This material resulted from decontamination
efforts at the Cotter Corporation's -Latty Avenue plant where the material had
been stored. Disposal in the West Lake Landfill was not authorized by the
Nuclear Regulatory Commission (NRC) and was contrary to the disposal location
indicated in the NRC records. State officials were not notified of this dis-
posal.éince the landfill was not regulated by the State at the time. Although
the contaminatidn does not present an immediate health hazard, authorities have
been concerned about whether this material poses a long-term health hazard to
workers and residents of the area and what, if any, remedial action is necessary.

In 1980-81, Radiation Management Corporation (RMC) of Chicago, I1lino{s,
performed a detailed radiological survey of the West Lake Landfili under con-
tract to the NRC (NUREG/CR-2722). This survey was performed to determine the
extent of radiological contamination. Before this survey, little was known
about the location or activity of radionuclide-bearing soils in the landfill.
This survey showed that the radiocactive contaminants are in two areas. The
northern area (Area 2) covers about 13 acres. The radioactive debris forms a
layer 2 to 15 feet thick, exposed in only a small area on the landfill surface
and along the berm on the northwest face of the landfill. The southern area
(Area 1) contains a relatively minor fraction of the debris covering approxi-
mately 3 acres with most of the contaminated soil buried with about 3 feet of

clean soil and sanitary fill.

The RMC survey showed that the radiocactivity is from the naturally occurring
U-238 and U-235 series with Th-230 and Ra-226 as the radionuclides that dominate
radiological impact. The survey data indicate that the average Ra-226 concen-

tration in the radioactive wastes is about 90 pCi per gram; the average Th-230
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concentration is estimated to be about 9000 pCi per gram. Since Ra-226 has
been depleted with respect to its parent Th-230, Ra-226 activity will increase
in time (for example, over the next 200 years, Ra-226 activity will increase
ninefold over the present level). This increase in Ra-226 must be considered
in evaluating the long-term hazard posed by this radicactive material.

In addition to RMC's radiological survey, soil and water samples were collected
and analyzed by others, including Oak Ridge Associated Universities (ORAU), and
the University of Missouri-Columbia (UMC). Occasionally a sample of water from
a monitoring well exceeds slightly the EPA drinking water standard of 15 pCi
gross alpha per liter. Sample analyses for priority poliutants (non-radioactive
hazardous substances) show a number of listed pollutants are present.

On the basis of radiological surveillance conducted by RMC, UMC, and ORAU, the
following areas of concern have been identified:

(1) Radioactive soil is eroding from the northwestern face of the berm, and is

being transported off site.

(2) Radon gas had been observed to accumulate to an unacceptable level
" in the Butler-type building on site. This building has since been removed.

(3) Some degree of radiological contamination has been found in the wells

that monitor the perimeter.

(4) Surface exposure rates over much of the contaminated areas are greater
than 20 pR/hr.

In March 1983, the NRC through ORAU, contracted with UMC to conduct an
engineering evaluation of the site and propose possibie remedial measures for
NRC's consideration for dealing with the radicactive waste at the West Lake
Landfill. The following six remedial options were proposed and evaluated in

this study.

o} Option A - No remedial action
0 Option B - Stabilization onsite with restricted land use




0 Option C - Extending the landfill offsite with restricted land use

o Option D - Removal and relocation of the contaminated material to an

authorized disposal site

) Option E - Excavation and temporary onsite storage in a trench

0 Option F

1

Construction of a slurry wall to prevent leachate from

migrating off site

It is noted-that some of the above alternatives for remedial action were
initially evaluated with the objective of permanent disposal of the waste at °
the site. ‘
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1 INTRODUCTION

The West Lake Landfill is located in St. Louis County, Missouri, 6 km (3.7
miles) west of Lambert Field International Airport (Figure 1.1) and southwest
of St. Charles Rock Road in Bridgeton, Missouri. The site has been used since
1962 for disposing of municipal refuse, industrial solid and liquid wastes, and
construction demolition debris. In addition, the landfill is an active indus-
trial complex on which concrete ingredients are measured and combined before
mixing ("batching"), and asphalt aggregate is prepared. Limestone ceased to be
quarried in the spring of 1987.

In 1973, 7900 metric tons [(mt) (8700 short tons)] of radiocactively contaminated
barium sulfate (BaSO,) residues from uranium and radium processing were mixed
with an estimated 35,000 mt (39,000 tons) of soil and deposited in the West Lake
Landfill. Previously, this material was located at the Cotter Corporation's
Latty Avenue facility in Hazelwood, Missouri, and was removed during decontam-
ination work. It is not known what levels of contamination were already in

the .soil before the barium sulfate residues were mixed into it. Disposal in the
West Lake Landfill was unauthorized and contrary to the disposal location
indfcated in the U.S. Nuclear Regulatory Commission's (NRC's) records.

Subsequently, the NRC sponsored studies that were directed at determining the
radiological status of the landfill. In 1978, an aerial radiological survey
revealed two areas within the landfill where the gamma radiation 1evels_indi-
cated radioactive material had been deposited. A more extensive survey was
initiated in November 1980 by the Radiation Management Corporation (RMC) under
contract to the NRC.

In March 1983, the NRC through Oak Ridge Associated Universities (ORAU) con-
tracted with the University of Missouri-Columbia Debartment of Civil Engineering
to describe the environmental characteristics of the site, conduct an engineering
evaluation, and propose possible remedial measures for dealing with the radio-
active waste at the West Lake Landfill. In May 1986, ORAU sampled water from

1-1
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wells on and close to the landfill to determine if the radioactive material had

migrated into the groundwater.

Information from all these sources forms the basis for this report.



2 SITE DESCRIPTION

This chapter presents a historical and environmental description of the West Lake
Landfill site located in St. Louis County, Missouri.

2.1 Location

The 8l-hectare (ha) (200-acre) West Lake Landfill property is situated between
the St. Charles Rock Road and the 01d St. Charles Rock Road in Bridgeton,
Missouri. The southeastern and northwestern parts of the landfill abut farm-.
land. Several commercial and industrial facilities are located near the land-
fill (Figure 2.1). The nearest residential area is a trailer park located
approximately 1 km (0.6 mile) to the southeast. A major portion of the land-
fi1l (roughly the northern three-fourths of the site) is located on the
floodplain, approximately 2 km (1.2 miles) from the Missouri River,

2.2 loning

The zoning plan obtained from the Bridgeton Planning and Zoning Department for
properties on and adjacent to the landfill is shown in Figuré 2.2. A portion
of the landfill, including site Area 1, is zoned M-1, which is designated for
light manufacturing; the northwest part of the landfill, including Area 2, is
zoned as single-family residential (R-1). This R-1 zoning indicates the use to
which the land was originally intended. However, the landfill was extended over
the land zoned R-1, and the zoning plan was simply not changed to reflect the
new usage. Other discrepancies between land use and zoning are found in the
nearby Earth City- Industrial Park (William Canney, Safety Supervisor of West
Lake Landfill, Inc., personal communication, March 1984). The land across

St. Charles Rock Road is zoned for light and heavy manufacturing. The
remainder of the property surrounding the landfill is zoned residential and

business.
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2.3 History

-The West Lake Landfill was started in 1962 for the disposal of municipal and
industrial solid wastes, and to fill in the excavated pits from the quarry
operations that had been performed at the site since 1939 (Canney, personal
communication, March 1984). In 1974, the landfill was closed by the Missouri
Department of Natural Resources (MDNR) (Karch, 1976). A new sanitary landfill,
in an area of the West Lake Landfill property which is protected from ground-
water contact, now operates under an MDNR permit.

This new part of the landfill was opened in 1974. The bottom is lined with
clay and a leachate collection system has been installed. Leachate is pumped
to a treatment system consisting of a lime precipitation unit followed in
series. by an aerated lagoon and two unaerated lagoons. The final lagoon
effluent is discharged into St. Louis Metropolitan Sewer District sewers.

The quarrying operation ceased in the spring of 1987 because not enough “good

rock" was left at the site.

2.4 Ownership

The West Lake Landfill was owned from 1939 until 1988 by West Lake Landfill,
Inc., of 13570 St. Charles Rock Road, Bridgeton, Missouri. Most of the
landfill was sold in 1988 to Laidlaw Industries, Inc. The two areas which
contain the radiocactive material were retained by West Lake Properties as the

principal properties of a subsidiary named Rock Road Industries, Inc.

2.5 Contaminated Areas

Radioactive contamination at the West Lake Landfill has been identified in two
separate soil bodies (Figure 2.3). Comparisons of radionuclide quantities and

of the activity ratios between radionuclides not in secular equilibrium, indicate
that the radioactive contamination in the separate soil bodies was derived from
the same source, i.e., the Cotter Corporation's former Latty Avenue facility

in Hazelwood, Missouri (NRC, NUREG/CR-2722).
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The northern area (referred to as Area 2) of contamination shown on Figure 2.3
covers an area of 5.2 ha (13'acres) and lies above 5 to 6 m (16-20 ft) of land-
fil1l debris. The contaminated soil forms a more or less continuous layer from
1tod4m (3 to13 ft) in thickness, and amounts to apbroximately 100,000 m3
(130,000 yd3). Some of this contaminated soil is near or at the surface,
particularly along the face of the northwestern berm. Beneath the landfill
debris, the soil profile consists of 1 to 2 m (3 to 7 ft) of floodplain top
soil overlying 10 to 15 m (33 to 50 ft) of sand and gravel alluvium.

The southern area of contamination (referred to as Area 1) showh on Figure 2.3
covers approximately 1.1 ha (3 acres) and contains roughly 15,000 md

(20,000 yd3) of contaminated soil. This body of soil is located east of the
landfill's main office at a depth of about 1 m (3 to 5 ft), and is located over a
former quarry pit, which was filled in with debris. The depth of debris beneath
the contaminated soil is unknown, but is estimated to be 15 to 20 m (50 to 65 ft).

Limestone bedrock underlies the landfill debris.

2.6 Topography

About 75% of the landfill site is located on the floodplain of the Migsouri
River. The site topography is subject to change because of the types of activ-
ities (e.g., landfilling and gquarrying) performed there. Figure 2.3 shows a
contour'map of the site as of July 1986. The surface runoff follows several
surface drains and ditches which run in a northwest direction and drain into

the Missouri River.

2.7 Geology
2.7.1 Bedrock

Bedrock beneath the West Lake Landfill consists of Mississippian age limestone
of the Meramacean Series of the St. Louis and Salem formations, which extends

downward to an elevation of 58 m (190 ft) mean sea level (msl1) (Figure 2.4).*

*Missouri Department of Natural Resources, Division of Geology and Land
Survey, Rolla, Missouri, Well Log Files. '
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The limestone is dense, bedded, and fairly pure except for intermittent layers
which consist of abundant chert nodules. The Warsaw Formation--also of
Mississippian age--1ies directly beneath the limestone. The Warsaw is made up
of approximately 12 m (38 ft) of slightly calcareous, dense shale; this grades
into shaley limestone toward the middle of the formation (Figure 2.4) (Spreng,
1961). Bedrock beneath the site dips at an angle of 0.5° to the northeast.
Eight kilometers (5 miles) east of the site, the attitude of the bedrock is
reversed by the Florissant Dome; the bedrock dips radially outward from the
apex of this dome at a lTow angle (Martin, 1966).

Since karst (solution) activity often occurs in carbonate rocks, the possibii-
ity of its occurrence in the West Lake Landfill area was considered. Brief
observation of the quarry walls at the landfill suggests that some solution of
the Timestone has occurred, but this solution activity has apparently been
limited (see Section 2.8.1) to minor widening of joints and beddihg planes near
the bedrock surface. Although karst activity within the limestone is relatively
minor, the upper surface of the bedrock is irregular and pitted as a result of
solution (Lutzen and Rockaway, 1971). This alteration of the bedrock surface

is greatest beneath the Missouri River floodplain.

2.7.2 Soils

Soil material in this area may be divided into two categories: Missouri River
alluvium and upland loessal soil. This demarcation is shown as the historical
edge of the alluvial valley in Figure 2.5. The division is made on the basis of
soil composition, depositional history, and physical properties. Because the
West Lake Landfill lies over this transition zone, the surface material at the

site varies considerably from southeast to northwest.

The Missouri River alluvium (Figure 2.6) ranges in thickness from 12 m (40 ft)
beneath the landfill site to more than 30 m (100 ft) at mid-valley (Figure 2.7).
The upper 3 m (10 ft) of the soil profile consists of organic silts and clays,
that have been deposited by the Missouri River during floods.* Below this

*Missouri Department of Natural Resources, Division of Geology and Land Survey,
Rolla, Missouri, Well Log Files.
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surface layer, the soil becomes sandy and grades to gravel at depths greater
than 5 to 10 m (16 to 33 ft). Because of the effects of channel scour, which
continues to grade the sediment after its initial deposition, the alluvium is
fairly homogeneous in a horizontal direction and becomes progressively coarser
with depth (Goodfield, 1965). At the edges of the floodplain, the alluvium is
not as well graded, and a large amount of fine material is present in the deeper
sand and gravel.

The upland loessal soil (Figure 2.8) is generally thinner than the floodplain
soil, being usually less than 12 m (39 ft) thick, and was deposited during the
age of Pleistocene glaciation. The -loess consists of silt-sized particles that
were transported by wind and deposited as a blanket over much of Missouri and
I11inois. On the hills near the West Lake Landfill, the loess layer may be as
much as 24 m (79 ft) thick. It consists of 6 to 9 m (20 to 30 ft) of fairly
pure silt (Peoria loess) overlying 6 to 15 m (20 to 49 ft) of clay silt (beana
loess) (Lutzen and Rockaway, 1971). This loess forms the hills to the southeast
of the landfill, but it has long ago been removed from the landfill site and
most of the surrounding valleys by erosion. The upper 1 m (3 ft) of the loess
has been altered to form a thin soil profile. It should be noted that loess has
a vertical permeability which is far greater than its horizontal permeability
(Freeze and Cherry, 1979). The total permeability of loess is greatly increased
by disturbance. The individual silt grains are generally quite angular, and
therefore may not be effectively compacted by the methods commonly used to con-
‘solidate clay. The technique most effective in the compaction-of loess would
employ vibration beneath a surcharge. A relict soil profile from 5 to 10 m

(16 to 33 ft) thick lies beneath the loess and directly on top of the bedrock.
This soil was formed as a residuum before Pleistocene glaciation and was sub-
sequently covered by the loess blanket. This soil is a highly consolidated
clay containing abundant chert fragments (Lutzen and Rockaway, 1971). In
addition to the natural geologic properties of the landfill, human disturbance
of the soil must also be considered since material within the landfill itself
can either limit or facilitate migration of leachate to the Missouri River

alluvial aquifer.

In order to prevent downward movement of leachate, it is now a common practice

to place a layer of compacted clay beneath sanitary landfills. Newer portions
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of the landfill (constructed since 1974) have 2 to 3 m (7 to 10 ft) of clay at
the base and around the sides. Waste is covered every day with 15 cm (6 in.)

of compacted soil; the cover soil presently used is loess (of soil classifica-
tions CL and A4) taken from southeast of the landfill (Reitz and Jens, 1983a).
If not properly compacted, this material may have a permeability of 0.0001 cm/sec
(0.00004 in./sec) or more. It is not known what procedures for compaction, if
any, were used at the landfill before 1974 since the site was unregulated in
design as well as in materials which were accepted for disposal. It is be-
lieved, however, that there is no liner present beneath the northwestern por-
tion of the landfill, and that sanitary (and, possibly, some haiardous) material
was placed directly on the original ground surface. Since waste was period-
ically covered with soil to minimize rodent and odor problems, the landfill
probably consists of discrete layers of waste separated by thin soil layers.
Both areas containing radioactive material are in these presumably unlined
above-ground portions of the landfill.

2.8 Hydrology

2.8.1 Subsurface Hydrology

Groundwater flow in the area surrounding the West Lake site is through two
aquifers: the Missouri River ailuvium and the shallow Timestone bedrock. The
base of the limestone aquifer is formed by the relatively impermeable Warsaw
shale at an elevation of about 58 m (190 ft) ms] (Figure 2.4). This shale
layer has been reached, but not disturbed, by quarrying operations. Therefore,
the Warsaw shale acts as an aquiclude, making contamination of the deeper 1lime-
stone very unlikely. The Mississippian limestone beds have very low inter-
granular permeabi1ity-in an undisturbed state (Miller, 1977). However, a
strong leachate enters the quarry pit at an elevation of about 67 m (220 ft)
ms1 (pt. A on Figure 2.5). This leachate is migrating vertically through more
than 30 m (98 ft) of limestone. Explosive detonations associated with quarrying
operations will tend to cause fractures to propagate in the quarry wall. These
fractures have probably extended less than 10 m (33 ft) into the rock from the
quarry face. Beyond this, the rock probably remains undisturbed. These
fractures will tend to increase inflow to the gquarry pit and allow leachate to
percolate downward through-the fractured zone. Thus, leachate inflow to the
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quarry pit is not evidence of large-scale contamination of the limestone
aquifer. The only other mechanism by which leachate could travel rapidly
through the limestone is by transport through solution channels. Landfill con-
sultants and quarry operators maintain that the limestone is fairly intact
(Canney, personal communication, September 1983), and superficial observation
of the quarry walls seems to support this conclusion, Since the limestone is
fairly impervious, and groundwater flows in most areas from the bedrock into
the alluvium, contamination of water in the bedrock aquifer does not appear

likely.

The water table of the Missouri River floodplain is generally within 3 m (10 ft)
of the ground surface, but at many points it is even shallower. At any one
time, the water levels and flow directions are influenced by both the river
stage and the amount of water entering the floodplain from adjacent upland
areas. A high river stage tends to shift the groundwater gradient to the
‘north, in a direction that more closely parallels the Missouri River. Llocal
rainfall will shift the groundwater gradient to the west, toward the river and
along the fall of the ground surface. This is inferred from water levels
measured in monitoring wells at the West Lake site. The fact that groundwater
levels commonly fluctuate more than does the Missouri River level, indicates
that upland-derived recharge exerts a great deal of influence over groundwater
flow at the West Lake site. This influence decreases toward the river.

The deep Missouri River alluvium acts as a single aquifer of very high per-
meability. This aquifer is relatively homogeneous in a downstream direction,
and decreases in permeability near the valley walls. The deeper alluvium is
covered by 2 to 4 m (7 to 13 ft) of organic silts and clays that may locally
contain a large fraction of sand-sized particles. Water levels recorded between
November 1983 and March 1984 in monitoring wells at West Lake* indicate a
groundwater gradient of 0.005 flowing in a N 30°W direction beneath the northern
portion of the landfill. This represents the likely direction of any possible
leachate migration from the landfill (Figure 2.5).

*Data supplied by Reitz and Jens engineering firm; St.louis, 1984.
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The alluvial aquifer recharges from upland areas from three sources: seepage
from loess and bedrock bordering the valley, channel underflow of upland streams
entering the valley, and seepage losses from streams as they cross the flood-
plain. Of these sources, streams and their underflow represent the main source
of upland recharge to the alluvial aquifer. Streams entering the floodplain
raise the water table in a fan-shaped pattern radiating outward from their point
of entrance to the plain. In areas where streams are not present, the water
slopes downward from the hills, steeply at first and then gently to the level

of the free water surface in the Missouri River channel. The situations de-
scribed above do not take into account the effect of variations in permeability
of the shallow soil layer. Aerial photography of the site indicates that a
filled backchannel (oxbow lake) type of soil deposit is present along the south-
west boundary of the landfill (USDA, 1953). This deposit is probably com-

posed of fine-grained material to the depth of the former channel (6 to 10 m)
(20 to 33 ft). This deposit may tend to hamper communication between shallow

groundwater on opposite sides of the deposit.

Since no other recharge sources exist above the level of the floodplain, the
only water available to leach the landfill debris is that resulting from rain-
fall infiltrating the landfill surface. Because the underlying alluvial aqui-
- fer is highly permeable, there will be little "mounding" of water beneath the
landfill. Because the northern portion of the landfill has a level surface it
is 1ikely that at least half of the rainfall infiltrates the surface. The
remaining rainfall is lost to evapotranspiration and (to a lesser degree) sur-
face runoff. Due to the height of the berm, temporary impoundment of surface

runoff is a common occurrence.

No public water supplies are drawn from the alluvial aguifer near the West Lake
Landfill. It is believed that only one private well (Figure 2.9) in the vicin-
ity of the landfill is used as a drinking water supply. This well is 2.2 km
(1.4 miles) N 35°W of the former Butler-type Building location on the West Lake
Landfill. 1In 1981, analysis showed water in this well to be fairly hard (natural
origins) but otherwise of good quality (lLong, 1981).

Water in the Missouri River alluvium is hard and usually contains a high

concentration of iron and manganese (Miller, 1977). The amount of dissolved
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so]fds present in the water of the alluvial aquifer varies greatly; purity
increases toward mid-valley where groundwater velocity is greatest. A water
sample from a well in the alluvium 3 km (1.9 miles) north of the landfill had

a total dissolved solids content of 510 mg/liter and total hardness as CaC0,

of 415 mg/liter. Water in the limestone bedrock generally has a hardness
greater than 180 mg/liter as CaC0; equivalent (Emmett and Jeffery, 1968). Total
dissolved solids range from 311 to 970 mg/liter. Water in the limestone aquifer
may contain a large amount of sulfate of natural origin (Miller, 1977).

2.8.2 Surface Hydrology

Because of the extremely low slope of the Missouri River flood plain surface,
precipitation falling on the plain itself generally infiltrates the soil rather
than running off the surface. The only streams present on the floodplain are
those that originate in upland areas. Drainage patterns on the plain

(Figure 2.9) have been radically altered by flood control measures taken to
protect Earth City (Figure 2.1) and by drainage of swamps and marshes. Before
these é]terations, Creve Coeur Creek passed just south of the landfill, and
drained a fairly large area. It has since been redirected to discharge into
the Missouri River upstream (south) of St. Charles (Figure 2.9). The-old
channel still carries some water, and empties into the Missouri River 45.2 km
(28 miles) upstream from the confluence with the Mississippi River. Near the
landfill, this stream is usually dry. As it crosses the flood plain, the creek
passes through shallow lakes which provide a more or less continuous flow to
the Missouri River throughout the year. A second stream, Cowmire Creek, crosses
the floodplain east of the site. This stream flows northward and joins a back-
water portion of the Missouri River at kilometer 35.4 (22 miles). Because of
the relationship which exists between river level and groundwater level in por-
tions of the floodplain near the river, these streams may either lose flow (at

low stage) or gain flow (at high stage).

The present channel of the Missouri River lies about 3 km (2 miles) west and
northwest of the tandfill. Early land surveys of this area indicate that

200 years ago the channel was located several hundred meters to the east (toward
the landfill) of its present course (Reitz and Jens, 1983b). The Missouri River
has a surface sltope of about 0.00018 (Long, 1981). River stage at St. Char]qs
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[kilometer 45.2 (mile 28)] is zero for a water level of 126.1 m (413.7 ft) ms]
(Reitz and Jens, 1983a). Average discharge of the Missouri River is 2190 m3/s
(77,300 ft3/s), with a maximum flow of 2850 m3/s (101,000 ft3/s) for the period
of April through July, and a minimum flow of 1140 m3/s (40,300 ft3/s) in January
and December (Miller, 1977). Some average properties of Missouri River water
for the period 1951-1970 were: alkalinity = 150 mg/liter as CaCO, equivalent;
hardness = 209 mg/liter as CaCO; equivalent; pH = 8.1; and turbidity = 694 JTU
(Jackson turbidity unit).

Water supplies are drawn from the Missouri River at kilometer 46.6 (mile 29)
for the city of St. Charles, and the intake is located on the north bank of the
river. Another intake at kilometer 33 (mile 20.5) is for the St. Louis Water
Company's North County plant (Reitz and Jens, 1983a).

The city of St. Louis takes water from the Mississippi River, which joins the
Missouri River downstream from the landfill. In this segment of the river, the
two flow-streams have not completely mixed and the water derived from the
Missouri River is still flowing as a stream along the west bank of the
Mississippi River channel*. The intake structures for St. Louis are on the
east bank of the river so that the water drawn is derived from the upper

Mississippi.

2.9 Meteorology

The climate of the West Lake area is typical of the midwestern United States,

in that there are four distinct seasons. Winters are generally not too severe
and summers are hot with high humidity. First frosts usually occur in October;
and freezing temperatures generally do not persist past March. Rainfall is
greatest in the warmer months, (about one-quarter of the annual precipitation
occurs in May and June) (Figure 2.10) (NRC, 1981). In July and August, thunder-
storms are common, and are often accompanied by short periods of heavy rainfall.
Average annual precipitation is 897 mm (35.3 in.), which includes the average
annual snowfall of 437 mm (17.2 inches snow). Average relative humidity is 68%,

*Ned Harvey, hydrologist with the USGS, telephone communication, August 1983.
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and humidities over 80% are common during the summer. Wind during the period of
December through April is generally from the northwest; winds blow mainly from
the south throughout the remainder of the year. A compilation of hourly wind
observations shows that although the wind resultant is fairly consistent on a
monthly basis, the wind actually shifts a good deal and is very well distri-
buted in all directions (Figure 2.11) (NRC, 1981; U.S. Department of Commerce,
1960).

Meteorological data used is from Lambert Field International Airport which is
6 km (3.7 miles) east of the West Lake site. Temperature and pfecipitation )
data are also representative of West Lake. However, because of differences in
topography between lLambert Field and the site, the actual wind directions at
West Lake may be slightly skewed in a NE-SW direction parallel to the Missouri
River valley.

2.10 Ecology

The Wést Lake Landfill is biologically and eco]ogically diverse. Rather than a
single ecological system (e.g., a prairie), it is a mosaic of small habitats

associated with
(1) - moist bottomland and farmland adjacent to the perimeter berm

(2) poor quality drier soils on the upper exterior and interior slopes
of the berm '

(3) an irregular waste ground surface associated with the inactive portion of
the landfill

(4) aquatic ecosystems present in low spots on the waste ground surface
Generally, the natural systems which are present are limited by operations in
the active portion of the landfill and form a corridor along the perimeter berm

from near well site 75 (Figure 2.5), on the 01d 5t. Charles Rock Road, clockwise
to the main entrance to the landfill near well site 68, along St. Charles Rock
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Road. The following observation and descriptions demonstrate the biological

variety of these sites.

The flora of the perimeter berm extending from the southwest clockwise to the
area of the main entrance to the Tandfill present a series of contrasts. Along
the 01d St. Charles Rock Road, the bottom and lower slope of the berm is heavily
influenced by the nearby mature silver maple (Acer saccharinum), boxelder

(Acer negundo), oak (Quercus), sycamore (Platanus), green ash (Fraximus
pennsylvanica), and eastern cottonwood (Populus deltoides) trees associated

with the old channel of Creve Coeur Creek. At the corner, between wells 59 and
60 (Figure 2.5), large silver maple and boxelder trees form a dense stand in the
moist soils at the base of the berm. The density of these trees declines on
this slope extending toward the north (well 61) and the Butler-type Building
corner. The extension of this siope toward the northwest is dominated by a
dense willow-1ike thicket in which a few eastern cottonwoods and a hawthorn

tree have established. From this northwest corner of the landfill to the
eastern limit of the trees between the landfill and St. Charles Rock Road (well
65), the exterior slope of the berm is dominated by dense stands of small and

large eastern cottonwoods. This latter occurrence reflects the influence of
the well-established eastern cottonwoods and sycamores associated with the per-
manent pond just north of this site (Figure 2.9). The ground cover along

these exterior slopes consists of grasses, forbs, plants common to disturbed
areas, seedling cottonwoods, and shrubs. A well-manicured grass groundcover
continues from the limit of the trees to the area around the main entrance of
the landfill and well 68. This vegetation contributes to the partial stabi-

lization of the steep exterior slopes.

The somewhat drier top and the short, interior slope of the berm, colonized by
prair{e grasses such as bluestem (Andropogon), blends into the irregular sur-
face of the inactive portion of the landfill. Depressions in this surface
allow water to collect and tall grasses, foxtail, and plants characteristic

of disturbed areas [e.g., ragweed (Ambrosia), mullein (Verbascum), pokeweed
(Phytolacca), cinquefoil (Potentilla), sunflower (Helianthus), and plantain
(Plantago)] are replaced by characteristic wetland species [e.g., algae
(Spirogyra), cattails (Typha), sedges (Carex), and smartweed (Po]zgonium)].
Young eastern cottonwoods are established at several of these wet sites.
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Generally, the surface vegetation of the inactive landfill gives way to barren
waste ground around the Butler-type Building location and the barren terrain
associated with recent landfill activities.

Animals were observed associated with these habitats. Cottontail rabbits
(Sylvilagus) were encountered most frequently and their fecal pellets were ob-
served on the landfill. Density of fecal material was particularly heavy in
the thickets on the exterior slopes of the perimeter berm. In this regard,
coyote (Canis latrans) feces containing rabbit fur were observed. Small mamma]s

(rodents) were not seen but could certainly be present in these areas. Large
ungulates also were not sighted, but tracks and feces of white-tailed deer indi-
cate that they utilize the landfill.

The only birds observed were a crow (Corvus), several robins (Turdus), and white-
crowned sparrows (Zonotrichia leucophrys). This certainly does not reflect the
extent to which birds utilize these habitats, for observations were made early
in the spring. It is readily apparent that returning migratory passerines would

utilize the surface vegetation and berm thickets for nesting, cover, and feed
later in the season. It is also possible that waterfowl could utilize the perma-
nent ponds on the landfill and adjacent to St. Charles Rock Road. Twelve scaup
(Aythya) and mallards (Anas) were observed on the lagoon which serves as part

of the landfill waste water treatment facility.

Small puddles contained characteristic aquatic invertebrates and at least two
species of amphibians. Casual examination of these shallow waters revealed
three genera of snails (Physa, Lymnaea, Helisoma), an isopod (Asnellus),
cyclopoid copepods, and cladocerans. Aquatic insect larvae were not observed,
however, this does not rule out their presence. The sighting of a bullfrog
tadpole (Rana catesbeiana) and audition of spring peepers (Hyla), indicates
these ponds are utilized as breeding sites. No fish were observed in these

puddles on the landfill surface; however, a dead gizzard shad (Dorsoma cepedianum)
was seen in the pond adjacent to St. Charles Rock Road. The only reptiles
seen were the water snake (Nerodia) and the garter snake (Thamnophis).

Although the northwest inactive portion of the landfill is posted with "No
Trespassing" signs, it was evident that humans do encroach on these habitats.
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Fishing tackle was found tangled in power lines and trees, and spent small-
gauge shotgun shells were found on the landfill surface and berms.

2.11 Demographics

The West Lake Landfill is located in the northwestern portion of the city of
Bridgeton, in St. Louis County, Missouri. Earth City Industrial Park is located
on the floodplain 1.5 to 2 km (0.9 to 1.2 miles) northwest of the landfill.
Population density on the floodplain is generally less than 10 persons per
‘square kilometer (26 persons per square mile); and the daytime population
(including factory workers) is much greater than the number of full-time resi-
dents.

Major highways in the area include Interstate 70 (I-70) and Interstate 270
(I-270), which meet south of the landfill at Natural Bridge Junction (Fig-

ure 1.1). The Earth City Expressway and St. Charles Rock Road lie, respectively,
west and east of the landfill. The Norfolk and Western Railroad passes about

1 km (0.6 mile) from the northern portion of the landfill (Figure 1.1). Lambert
Field International Airport is located 6 km (3.7 miles) east of the West Lake
Landfill.

In addition to factories at Earth City, plants are operated by Ralston-Purina
and Hussman Refrigeration across St. Charles Rock Road. -The employees of
these two plants probably comprise the largest group of individuals in close
proximity to the contaminated areas for significant periods of time. The
Ralston-Purina facilities are located 0.4 km (0.2 mile) northeast of the
Butler-type Building location at the landfill. Considering that land in this
area is relatively inexpensive and that much of it is zoned for manufacturing,

industrial development on the floodplain will likely increase in the future.

Two small residential communities are present near the West Lake Landfill.
Spanish Lake Village consists of about 90 homes and is located 1.5 km (0.9 mile)
south of the landfill, and a small trailer court lies across St. Charles Rock
Road, 1.5 km (0.9 mile) southeast of tt - site (Figure 2.1). Subdivisions are
presently being developed 2 to 3 km (1.2 to 1.9 miles) east and southeast of the
landfill in the hills above the floodplain. Ten or more houses lie east of the
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landfill scattered along Taussig Road. The city of St. Charles is located
north of the Missouri River at a distance greater than 3 km (1.9 miles) from

the landfill.

Areas south of the West Lake Landfill are zoned residential; areas on the

other sides are zoned for manufacturing and business (Figure 2.2). Most of

the 1andfill is zoned for light manufacturing (M-1). However, approximately
0.3 km? (0.12 mi2) of the northern portion of the landfill is zoned for residen-
tial use; this includes the contaminated area around the Butler-type Building-
site. The field northwest of the landfill between 01d St. Charles Rock Road -
and St. Charles Rock Road is under cultivation. Trends indicate that the
population of this area will increase, but the land will probably be used

primarily for industrial facilities.
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3 RADIOLOGICAL CHARACTERIZATION OF THE SITE

3.1 Radiological Surveillance

Approximately 43,000 mt (47,000 tons) of contaminated soil were reported to have
been disposed of in the landfill. A fly-over radiological survey performed for
the NRC in 1978 identified two areas of contamination at the West Lake Landfill.
Subsequently, from August 1980 through the summer of 1981, the Radiation
Management Corporation (RMC), under-contract to the NRC, performed an onsite
evaluation of the West Lake Landfill (NRC, NUREG/CR-2722). The purpose of this
suhvey'was to clearly define the radiological conditions at the landfill. The

results were to be utilized in performing an engineering evaluation to determine
if remedial actions should and could be taken.

The area to be surveyed was divided into 10-m (33-ft) grid blocks and included

the following measurements:

(1)_ external gamma exposure rates 1 m (3.3 ft) above the surfaces and beta-

gamma count rates 1 cm (0.4 in.) above surfaces

(2) radionuclide concentrations in surface soils
(3) radionuclide concentrations in subsurface deposits

(4) gross activity and radionuclide concentrations in surface and subsurface

water samples
(5) radon flux emanating from surfaces
(6) airborne radioactivity

(7) gross activity in vegetation
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3.2 Survey Results

External Gamma

Figure 3.1 shows the two areas of elevated external radiation levels as they
existed in November 1980, at the time of the preliminary RMC site survey. As
can be seen, both areas contained locations where levels exceeded 100 pyR/hr at
1m (3.3 ft). In Area 2, gamma levels as high as_3000 to 4000_3_/hr were

detected. The total areas exceeding 20 HR/hr were about 1.2 ha (3 acres) in

Area 1 and 3.6 ha (9 acres) in Area 2.

External gamma levels measured in May and July of 1981 decreased s1gn1f1cant]y,
especially in Area 1, because approx1mate1y 1.2 m (4 ft5~3?_§an1tary fill was
added to the entire area and an equal amount of construction fill was added to
most of Area 2. As a result, only a few hundred square meters (a few thousand
square feet) in Area 1 exceed 20 pR/hr. In Area 2, the total area exceeding
20 yR/hr decreased by about 10%, and the highest levels were about 1600 pR/hr,

near the location of the Butler-type building.

Surface Soil Analyses

A total of 61 surface soil samples were gathered and analyzed on site for gamma
activity. Samples were normally stored 10 to 14 days to allow ingrowth of radium
daughters. Concentrations of U-238, Ra-226 (from Pb-214 and Bi-214), Ra-223,
Pb-211, and Pb-212 were determined for each sample. Surface soil samples are

located in Figures 3.2 and 3.3.

In all soil samples, only uranium and/or thorium decay chain nuclides and K-40
were detected. Offsite background samples were on the order of 2 pCi/g Ra-226.
Onsite samples ranged from about 1 to 21,000 pCi/g Ra-226, and from less than
10 to 2100 pCi/g U-238. 1In those cases where elevated levels of Ra-226 were
detected, the concentrations of U-238 were generally anywhere from a factor of
2 to 10 lower. In cases of elevated sample activity, daughter products of both

U-238 and U-235 were found.
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In general, surface activity was limited to Area 2, as indicated by surface
beta-gamma measurements. Only two small regions in Area 1 showed contamination;

both were near the access road across from the site offices.

In addition to onsite gamma analyses, 12 samples were submitted to RMC's radio-

chemical laboratories for thorium and uranium radiochemical determinations. The
results show all samples contain high levels of Th-230. The ratio of Th-230 to

Ra-226 (Bi-214) is about 20 to 1.

Subsurface Soil Analysis

Subsurface contamination was assessed by extensively "logging" holes drilled
through the landfill. Several holes were drilled in areas known to contain con-
tamination, then additional holes were drilled at intervals 1n all directions
until no further contamination was encountered. A total of 43 holes were
drilled, 11 in Area 1 and, in Area 2, 32 including 2 nearby offsite wells for
monitoring water. All holes were drilled with a 6-in. auger and lined with 4-in.
PVC (pb]yviny] chloride) casing. The location of these auger holes is shown in

Figures 3.4 and 3.5.

Each hole was scanned with an Nal(T1) detector and rate meter system for an
initial indication of the location of subsurface contamination. On the basis
of the initial scans, 19 holes were selected for detailed gamma logging using

the intrinsic germanium (IG) detector and multiple channel analyzer.

The results of the Nal(T1) counts and IG analyses show concentrations of Bi-214,
as determined by the IG system, ranged from less than 1 to 19,000 pCi/g. For
those holes where both NaI(T1) counts and IG counts were made, a good correla-
tion between gross NaI(T1) counts and Ra-226 concentrations, as determined by
in situ analysis of the daughter Bi-214 by the IG system, was found.

It was determined that the subsurface deposits extended beyond areas where sur-
face radiation measurements exceeded 5 pCi/g. The approximate area of subsurface

contamination compared to the area of elevated surface radiation levels shows a

total difference in areas of 2 ha (5 acres).
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The variations of contamination with depth for Areas 1 and 2 are shown in
Figure 3.6. As can be seen, the surface elevations vary by about 6 m (20 ft),
and the highest elevations occur at locations of fresh fill. Contamination

(>S5 pCi/g Ra-226) in several areas is found to extend from the surface to
appreciable depths, about 6 m (20 ft) below the surface in two cases. In
general, the subsurface contamination appears to be a continuous single layer,
ranging from 0.6 to 4.6 m (2 to 15 ft) thick, located between elevations of 139
to 144 m (455 to 480 ft) and covering 6.5 ha (16 acres) total area.

In Figures 3.7 and 3.8, representations of the subsurface deposits are provided
on the basis of auger hole measurements. These representations are consistent
with the operating history of the site, which suggests that the contaminated
material was moved onto the site and spread as cover over fill material. Thus,
one would expect a fairly continuous, thin layer of contamination, as indicated

by survey results.

Nonradiological Analysis

Six composite samples were submitted to RMC's Environmental Chemistry Labora-
tory for priority poiilutant analysis. Five samples were taken from auger holes
(one from Area 1 and four from Area 2) and the sixth from the West Lake leachate
treatment plant sludge. The results indicate a significant presence of

qigggic solvents jn Area 2 samples. The results ofhtﬁe teachate sludge

analysis were not as high as any of the soil samples.

A chemical analysis of radioactive material from both areas was also performed

by RMC's laboratory. Results show elevated levels of barium and lead in most

cases.

Background Radioactivity Measurement

Various offsite locations were selected for reference background measurements.

The results of these measurements were within the normal range.
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Airborne Radioactivity Analyses

Both gaseous and particulate airborne radioactivity were sampled and analyzed
during this study. Since it was known that the buried material consisted par-
tially or totally of uranium ore residues, the sampling program concentrated on
measuring radon and its daughters in the air. Two methods were used: the first
was a scintillation flask method for radon gas and the second was analysis of

filter paper activity for particulate daughters.

A series of grab samples using the accumulator method were taken between May
and August of 1981. A total of 111 samples from 32 locations was collected.
Measurable radon flux levels ranged from 0.2 pCi/m?s in low background areas
to 865 pCi/m?s in areas of surface contamination.

At three locations, repetitive measurements were made over a period of 2 months.
These results are plotted in Figure 3.9. As can be seen, significant fluctua-
tions were observed at two locations. The fact that these fluctuations were
real and not measurement artifacts was later confirmed by duplicate charcoal

canister samples, as described below.

A total of 35 charcoal canister samples was gathered at 19 locations over a
3-month period. The results show levels ranging from 0.3 pCi/m2?s to 613
pCi/m?s. On 24 different occasions, the charcoal canisters and accumulator
were placed in essentially the same locations, at the same time, for duplicate
sampling. The results of this side-by-side study show generally good

correlation between the two methods.

A set of 10-minute high-volume particulate air samples was taken to determine
both short-lived radon daughter concentrations and long-lived gross alpha
activity. The highest levels were detected in November 1980, near and inside
the Butler-type building which has since been removed. These two samples
approximately equal NRC's 10 CFR Part 20, Appendix B, alternate concentration

limit of one-thirtieth WL for unrestricted areas.

In addition to the routine 10-minute samples, five 20-minute high-volume air
samples were taken and counted immediately on the IG gamma spectroscopy system
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to detect the presence of Rn-219 daughters. A1l samples were taken near sur-
face contamination. In addition to Rn-222 daughter gamma activities, Rn-219
daughters were detected by measuring the low-abundance gamma rays of Pb-211.
Concentrations of Rn-219 daughters ranged from 6 x 10-1! to 9 x 10-19 pCi/cc.

Vegetation Apalysis

Vegetation samples included weed samples from onsite locations and farm crop
samples (winter wheat) near the northwest boundary of the landfill. This loca-
tion was chosen because runoff from the fill onto the farm field was possible.

No elevated activities were found in these samples.

Water Analyses

A total of 37 water samples was taken: 4 in the fall of 1980, and the remainder
in the spring and summer of 1981. One sample was equal to the U.S. Environmen-
tal Protection Agency (EPA) gross alpha activity standard for drinking water of
15 pC{/liter and that was a sample of standing water near the Butler-type
building. Several sampies, including all the leachate treatment plant samples,
exceeded the EPA drinking water screening level for gross beta which would
require isotopic analyses. Subsequent isotopic analyses indicated that the
beta activity could be attributed to K-40. None of the offsite samples

exceeded either EPA standard or screening level.

In 1981, MDNR collected 41 water samples which RMC analyzed for radioactivity
(Table 3.1). Of these samples, 5 were background, 10 were onsite surface

water, 10 were shallow groundwater standing in boreholes, and 16 were landfill
leachate. From these data, background activity is estimated as 1.2 pCi/liter
gross alpha and 27 pCi/liter gross beta. Results in Table 3.1 show the

gross alpha in two water samples exceeded or equaled 15 pCi/1; the gross beta in
ten water samples exceeded 50 pCi/1. Most of the gross beta activity comes from

naturally occurring K-40 as determined from subsequent isotopic analysis.

In addition, groundwater samples in perimeter monitoring wells at the West
Lake Landfill were taken by UMC personnel and ORAU in 1983, 1984, and 1986.

The well locations are shown in Figure 2.5 and the results are presented in
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Tables 3.2 and 3.3. Results in Table 3.2 show the gross alpha in two water samples
slightly exceeded 15 pCi/1; the gross beta were all below 50 pCi/1 in all water
_samples. Table 3.3 shows analyses were below 15 pCi/1 for gross alpha and 50 pCi/1
for gross beta for all the wells.

3.3 Estimation of Radioactivity Inventory

In examining the RMC report for bore hole samples (Table 3.3), it is noted that
the naturally occurring U-238 to Th-230 to Ra-226 equilibrium has been disturbed.
The RMC report (NRC, NUREG/CR-2722) indicates that the ratio of Ra-226 to U-238
is on the order of 2:1 to 10:1. This observation is consistent with the history
of the radionuclide deposits in the West Lake Landfill, i.e., that they came
from the processing of uranium ores to extract the uranium content and that the
radioactive material at West Lake came from the former Cotter Corporation
facility on Latty Avenue (presently occupied by Futura Coatings Company) in
Hazelwood, Missouri. This location contains contamination from ore processing
residues from which uranium had been previously separated, leaving the daughters
behind at relatively higher concentrations. Additionally, it is noted in the
RMC report that the ratio of Th-230 to Ra-226 is on the order of 5:1 to 50:1.
This indicates that radium has also been removed. Other data are avatlable in
the Latty Avenue site study (Cole, 1981). Tab]é 3.4 presents the radionuclide

concentrations in Latty Avenue composite samples.

Using the RMC data and averaging the auger hole measurements over the two volumes
of radioactive material found in Areas 1 and 2, a mean concentration of 90 pCi/g
was calculated for Ra-226. Also,-the ratios of Th-230 to Ra-226 were esta-
blished since the level of Th-230 will determine the increase of Ra-226 with
time. Although the ratio of Th-230 to Ra-226 ranged from 5:1 to 150:1, most of
the data were in the 30:1 to 50:1 range. To ensure conservatism in estimating
the long-term effects of Ra-226, a ratio of 100:1 was used for all further

calculations.

Using the Th-230:Ra-226 ratio of 100:1, the Th-230 activity is 9000 pCi per

gram. If the U-238 concentration (as well as U-234 which would be similarly
separated from the ore) is a factor of 5 less than Ra-226, this implies about
18 pCi U-238 per gram. Thé total mass of radioactive material (having Ra-226
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concentrations of 5 pCi/g or more) in the landfill was estimated by visually
integrating the volume of radioactive material from graphs and multiplying by

an average soil density, resulting in 1.5 x 10! grams (150,000 metric tons) of
contaminated soil. These numbers indicate that there are about 14 Ci of Ra-226
contained with its decay products in the radioactive material in the landfill.
The material also contains about 3 Ci each of U-238 and U-234, and about 1400 Ci
of Th-230. These estimates indicate the order of magnitude of the quantities

to be dealt with, although the estimate for Th-230 is regarded as conservatively

large.
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Figure 3.3 Location of surface soil samples, Area 2
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Figure 3.4 Location of auger holes, Area 1
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Figure 3.5 Location of auger holes, Area 2
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Figure 3.6 Auger hole elevations and location of contamination within each hole
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Figure 3.7 Cross-section B-B showing subsurface deposits in Area 1
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Figure 3.8 Cross-section E-E showing subsurface deposits in Area 2
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Table 3.1 RMC radionuclide analyses of water samples
from the West Lake site taken by MDNR

in 1981
Type of

Sample # sample* Gross alpha (pCi/1) Gross beta (pCi/1)
7001 S 3.11 22.5
7002 S 8.00 23.4
7003 S 1.56 9.88
7019 S 1.91 30.0
7025 S 1.56 36.5
7028 S 45,2 87.8
7029 S <0.64 <1.34
7030 S 0.52 35.1
7031 S 1.43 26.3
7004 B 1.04 19.7
7021 B 1.56 29.1
7027 B 1.04 32.5
7032 B <0.05 26.3
7033 B 1.04 29.0
7009 G 4.50 22.3
7010 G 2.60 15.2
7011 G 3.12 10.6
7012 G 7.10 16.6
7017 G 0.52 33.6
7018 G 6.76 36.1
7020 G 8.84 30.1
7026 G <2.0 38.9

2 G 15.0 41.0

3 G 2.9 7.6

Sée footnote at end of table.
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Table 3.1 (Continued)

Type of
Sample # sample* Gross alpha (pCi/1) Gross beta (pCi/1)
7013 L <3.0 1.30
7014 L <3.0 130
7015 L <3.0 103
7016 L <3.0 98.9
7022 L 3.45 107
7023 L <3.0 122
7024 L <3.0 86.7
7034 L <3.0 10.3
7035 L <3.0 84.5
7036 L <3.0. .69.6
1 L 7.3 80
4 L <3.0 26
Type of
Sample # sample* Ra-226 (pCi/1) K-40 (pCi/1)
7014 L <1l.6 138
7015 L 3.8 136
7016 L <l.6 98.9
7022 L 2.4 104
7028 S 1.6 124
*S = surface sample
B = offsite, background
G = groundwater from boreholes
L = leachate :
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Table 3.2 Radiological quality of water in perimeter monitoring wells of

West Lake Landfill (concentrations reported in pCi/1)

Well # Ra-226 Gross alpha* Gross beta* Gross alpha**  Gross beta**
18 - - - 12.5 12.5
59 <3 3.2 9.9 - -

60 - - - 20.5 20.8
61 - - - 2.7 13.9
62 <3 2.8 7.4 3.5 8.5
63 - - - 2.2 7.0
65 <3 12.4 33.1 5.7 6.3
66 <3 4.3 6.9 - -

67 <3 5 5.3 - -

68 <3 18.2 18.8 - -
S5QX** <3 5 7.7 1.3 8.1

*Samples taken November 15, 1983.

**Samples taken March 21, 1984, by UMC personnel, analyzed by Environmental
Health Lab of St. Louis County Health Department, Clayton, Missouri.

***Well #50 used as background.
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Table 3.3 Radionuclide concentrations in well water samples: May 7-8, 1986

Concentrations (pCi/1)

Radionuclide well 50° well 51 Well 52 Well 53 well 54 Well 55 Well 56
Gross alpha 2.2 2.2 1.9 11 4.4 4.8 5.7
Gross beta . 7.5 4.4 7.5 16 14 14 12
Ra-226 b -- -- 0.4 -- -- 0.2
Ra-228 -- -- -- 1.7 -- -- 0.3
U-total -- - -- 22 -- -- 8.9
Th-228 -- -- -- 0.5 -- -- 0.3
Th-230 -- -- - 0.9 .- -- 0.9
Th-232 -- -- -~ 0.3 -- -- 0.8

Depth to water (m) 5.0 3.8 3.2 3.3 15.5 11.5 11.5
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Table 3.3 (Continued)

Radionuclide

Concentrations (pCi/1)

Well 60 Well 61

Well 58 Well 59 Well 62 Well 65 Well 66

Gross alpha 5.8 11 14 3.3 5.6 3.5 1.8
Gross beta 15 46 19 14 10 7.4 9.9
Ra-226 0.3 0.3 2.5 -- 0.8 -- -
Ra-228 2.9 0.5 1.6 T 0.6 -- --
U-total 13 25 19 -- 2.3 -- --
Th-228 0.6 0.5 0.5 -- 0.8 -- --
Th-230 1.5 0.2 4.4 -- 1.2 -- --
Th-232 0.7 0.1 0.1 -- 0.6 -- --

Depth to water (m) 14.0 Not 3.5 4.5 4.2 1.9 1.9

determined
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Table 3.3 (Continued)

Concentrations (pCi/1)

Radionuclide Well 67 Well 68 Well 72 Well 73 Well 75 Well 76 Well 80
Gross alpha 8.4 0.9 1.} 6.5 11 3.6 0.4
Gross beta 7.1 1.9 4.6 7.7 22 6.9 3.2
Ra-226 0.7 0.3 - -~ --
Ra-228 | 0.3 0.9 -- -- --
U-total 7.4 3.1 16 -- 2.2
Th-228 0.9 1.7 0.6 -- 0.3
Th-230 9.9 6.7 1 -- 0.0
Th-232 0.2 0.2 0.2 -- 0.

Depth to water (m) 1.5 4.4 10.0 . 8.4 7.6 13.8 5.3
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Table 3.3 (Continued)

Concentrations (pCi/1)

Radionuclide Well 81 Well 82 Well 83 Well 84 Well 87 Well 88 Well 89
Gross alpha 7.9 17 9.0 13 1.5 11 3.7
Gross beta .16 47 18 27 7.2 18 9.1
Ra-226 0.8 0.3 3.4 1.7 -- 2.3 --
Ra-228 0.4 0.4 4.6 5.8 -- | 0.2 --
U-total 4.9 13 1.6 9.0 -- 3.0 --
Th-228 0.9 0.4 0.2 0.6 - 1.1 --
Th-230 0.9 1.8 0.4 1.3 -- 1.5 --
Th-232 0.3 0.3 1.0 1.1 -- 4.0 -

Depth to water (m) 4.8 5.1 3.9 7.0 9.4 8.6 7.5
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Table 3.3 (Continued)

. Concentrations (pCi/1)

Radionuclide ¥ell 90 Well 92 Well 93 Well 94
Gross alpha 2.2 7.3 7.4 1.6
Gross beta 6.8 11 22 9.9
Ra-226 -- 1.0 : 1.6
Ra-228 -- 0.8 1.4
U-total -- 17 6.0
Th-228 -- 0.5 0.8
Th-230 -- 0.1 0.7
Th-232 - 0.4 1.6

Depth to water (m) 4.1 13.1 4.7 2.1

_aRefer to Figure 2.5 for well location.

bDash indicates analysis not performed.
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Table 3.4 Radionuclide concentrations in Latty Avenue composite samples

Concentrations (ﬁCi/gm)

Sample U-235 - U-238 Th-232* Th-230 Th-228 Ra-226 Ra-228 Pa-231 Ac-227

Composite 1 3.6 £ 0.3** 82 + 8 2.3+0.6 8770+ 100 2.1+0.5 64t1 2.31+0.6 1141+ 2 205 = 2

Composite 2 4.4 + 0.3 62 + 15 1.5+ 0.5 8950 +370 2.0+£0.5 501 1.5+0.5 117+ 8 Not
Performed
Average 40+ 0.2 72 + 9 1.9+ 0.4 880 190 2.11+0.3 571 1.9+0.4 116t 4 205 + 2

*Based on Ra-228 and assumption of secular equilibrium of thorium decay series.
**Errors are 20 based only on counting statistics.

Source: Table 2 (Cole, 1981).




4 APPLICABILITY OF THE BRANCH TECHNICAL POSITION

The NRC has established a Branch Technical Position (BTP) which identifies

five acceptable options for disposal or onsite storage of wastes containing

Tow levels of uranium and thorium (46 FR 52061, October 23, 1981). Options 1-4
provide methods under 10 CFR 20.302, for onsite disposal of slightly contam-
inated materials, e.g., soil, if the concentrations of radioactivity are small
enough and other circumstances are satisfactory. The fifth option consists of
onsité storage pending availability of an appropriate disposal method. Table
4.1 shows the radionuclide concentrations specified for the disposal options.

The material present in the West Lake Landfill is a form of natural uranium
with daughters, although the daughters are not now in equilibrium. As
mentioned above, the average concentration of Ra-226 in the West Lake Landfill
wastes is about 90 pCi per gram, which (considered by itseif) falls into
Option 4 of the BTP since Option 4 criteria are contro]]ed'by the Ra-226
content in the wastes (i.e., 200 pCi of U-238 plus U-234 per gram would be
accompanied by 100 pCi of Ra-226 per gram). However, because of the 1arge
ratio of Th-230 radioactivity to that of Ra-226, the radioactive decay of the
Th-230 will increase the concentration of its decay product Ra-226 until

these two radionuclides are again in equilibrium. Assuming the ratio of
activities of 100:1 used above, the Ra-226 activity will increase by a factor
of five over the next 100 years, by a factor of nine 200 years from now, and
by a factor of thirty-five 1000 years from now. All radionuclides in the
decay chain after Ra-226 (and thus the Rn-222 gas flux) will also be increased
by similar multiples. Therefore, the long-term Ra-226 concentration will

exceed the Option. 4 criteria.
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Table 4.1 Summary of maximum soil concentrations permitted

under disposal options

Source:

46 Federal Register 52061

Disposal options

Kind of material 18 2b 3¢ 4d
Natural thorium (Th-232 + Th-228) 10 50 - 500
with daughters present and in

equilibrium. (pCi/g)

Natural uranium (U-238 + U-234) .- 10 - 40 200

with daughters present and in
equitibrium. (pCi/g)

aBased on EPA uranium mill tailings cleanup standards.

b
170 mrem per year.

Concentrations based on limiting individual intruder doses to

CCb_ncentration based on limiting equivalent exposure to 0.02 WL or less.

dConcentrations based on Timiting individual intruder doses to 500 mrem
per year and, in cases of natural uranium, 1imiting exposure to Rn-222
and its decay product airborne alpha emitters to 0.02 WL or less. .
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5 REMEDIAL ACTION ALTERNATIVE CONSIDERATIONS

The radioactive material as it presently exists does not pose an immediate
health hazard for individuals living or working in the area of the landfill.
However, there is a long-term potential for the radioactive material to pose a
health problem. Therefore, this section discusses six (A-F) possible courses
of action, of which all but A and D are considered temporary. - Option A, in
which no remedial action is proposed, is unacceptable because the
concentrations of radionuclides in the landfill will become too high; Option A
is described for comparison purposes only. Costs are based on the Dodge Cuide
to Public Works and Heavy Construction, 1984,

5.1 Option A: No Remedial Action

Under Option A, no remedial work would be done on the West Lake site. The land-
fi1l and the radioactive soil would be left in their present condition. The
contaminated areas would be available for demolition fill emplacement and final
closure. It is not certain how much additional fill would be emplaced. Filling

would be followed by normal landfill closure operations.

Normal closure procedures consist of applying at least 0.61 m (2 ft) of com-
pacted final cover. A 0.3-m (1 ft) layer of topsoil would be placed over the
cover and upgraded to support vegetation. Establishment of a vegetative cover
would require seeding, liming, and fertilization. Surface seeps of leachate
would be eliminated. - Maintenance of the monitoring wells would be required to
allow continued sampling by MDNR, should MDNR require such action. The public
would be discouraged from entering the site. After closure, a detailed descrip-
tion of the site would be filed with the County Recorder of Deeds. This de-
scription would include: a legal description of the site, types and location
of wastes present, depth of fill, and description of any environmental control
or monitoring systems requiring future maintenance (MDNR, January 1983). MDNR
regulations also specifically prohibit excavation or disruption of the closed
Yandfill without written approval of MDNR; no time frame is stated with this

regulation (MONR, 1975).
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There would be no further cost under this option since no remedial actions would

be taken; i.e., costs are normal landfill costs.

5.2 O0Option B: Stabilization on Site With Restricted Land Use

Two areas in the landfill contain radioactive material. Therefore, the work
required for this option is described separately for each area. Never-
theless, restrictions would be imposed on the use of land within each area.
This would discourage future activities on these areas which might expose
individuals to radioactivity. No additional landfill would be permitted to be

deposited on either area.
Area 1

It is believed that a total of 2 to 3 m (7 to 10 ft) of soil has been added

to most of Area 1 since the 1981 iand survey by RMC. This cover has altered
the radiation environment of the site. Measurements by Qak Ridge Associated
Universities (ORAU) personnel in March 1984 (Berger) showed that only a very
small area exceeded the exposure rate of 20 pyR/hr at 1 m. By extending the
cover 20 m (66 ft) outward in all directions from the area showing an..unaccept-
able surface exposure rate, the shallow wastes likely to give high rates of
radon emanation will also be covered. The amount of radioactive debris in
Area 1 is relatively minor compared with that present in Area 2. Therefore, a
soil cover of 1.5 m (5 ft) is considered adeguate to reduce surface exposure
rates and radon emanation. After the soil cover is in place, a layer of
topsoil 0.3 m (1 ft) thick would be emplaced, seeded, and mulched.

Area 2

Vegetation over Area 2 as well as on the slope of the berm would be cleared and
placed in the demolition portion of the landfill or- disposed of as is convenient.
Brush should not be left in place and covered since this may reduce the integrity

of the soil cap. Grass should be mowed, and may be left in place.

The berm on the northwest portion of the landfill which contains an estimated
7,500 m3 (9,800 yd3®) of contaminated soil would be excavated and redeposited in
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layers in a secure portion of the landfill., The actual amount can be determined

by survey during implementation of the work.

A1l equipment and materials now stored over Area 2 would be removed to other
portions of the site or disposed of as is convenient to the owners. Gravel
piles found on Area 2 should be removed to other portions of the site after
having been surveyed to ensure that contaminants have not been mixed with the
gravel. However, the lower 10 to 15 cm (4 to 6 in.) of rock should be left in
place and covered with the soil cap, since this gravel may have become mixed
with contaminated soil.

Such stabilization would place the contaminated soil well below the surface and
would prevent radioactive materials from eroding as can now occur along sections
of the berm. Stabilization would require emplacement of a soil cover of 48,000 m3
(63,000 yd3) to give a final slope of 3:1 with 1.5 m (5 ft) of soil at the top
of the berm. At least 1.5 m (5 ft) of soil cover would be used, as this much
soil will be required to reduce radon gas exhalation. The final slope of 3:1
on the berm would be shallow enough to prevent failure and, after the cover is
emplaced, it should be further covered with at least 0.3 m (1 ft) of topsoil

and seeded with native grasses to prevent erosion. The slope would be directed
radially outward from the center of the cap. An interceptor ditch would be
provided around the cap to channel runoff and prevent gullies from being cut
into the stabilized cover. The cover soil presently used in the landfilling
operations may be used to stabilize the berm. This soil is a clay silt (loess)

excavated near the West Lake Landfill site.

The portion of Area 2 to be covered by the soil cap includes that portion of
the landfill identified in the RMC survey as having surface exposure rates
greater than 20 pR/hr at 1 m (3.3 ft) above ground level, along with those
areas in which auger holes revealed radium-bearing soil within 1 m of the sur-
face. The shallow contaminants may be sufficiently shielded to produce low
surface exposure rates; however, these shallow deposits will still produce
radon emanations greater than the desired level of 20 pCi/m?s. Therefore, the

soil cover must be extended over these areas of shallow contamination.
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The cover soil used should be capable of compaction to a permeability of less
than 10-7 cm/s in order to keep radon release and soifl leaching as low as pos-
sible. This value is based on common practices used for sealing of hazardous
waste landfills. Because accurately measuring permeability of this magnitude
is difficult, the value of 10-7 cm/s should be used only as a target cri-
terion which should, if possible, be bettered. If laboratory testing of the
cover soil presently used at the West Lake Landfill indicates that this perme-
ability can be achieved, this soil would be acceptable for use as the soil cap.
Otherwise, clay soil would have to be imported from off the site to be used in

constructing the soil cap.

The overall estimated cost for the required work under Option B is approximately
$360,000 (Table 5.1) and would requife about 2 months to complete. Costs of this
option may be higher if the total quantity of contaminated material to be moved
is higher than the estimated quantity.

5.3 Option C: Extending the Landfill Off Site

Soil eroding on the northwest berm of Area 2 is carrying contaminated soil off

the landfill property onto an adjacent cultivated field. A contributing factor
to the erosion is the steepness of the berm. It would, therefore, be desirable
to lessen the slope's steepness by extending the berm onto the adjacent field.

This option would require the acquisition of approximately 2 ha (5 acres) of

land not owned by the landfill company.

In this option, Area 1 would be treated the same as in Option B. The contamin-
ated portion of the northwestern berm of Area 2 would not be disturbed. Instead
the existing berm would be extended 13 to 16 m (42 to 52 ft) onto the adjacent
field. This would require an additional solid volume of approximately 20,200 m3
(26,400 yd3) to give a final slope of 3:1 with 1.5 m (5 ft) of soil on top of
the berm. As in Option B, this cover should receive an additional 0.3 m (1 ft)

of topsoil and be seeded with native grasses to prevent erosion.

This option will require the relocation of three transmission poles. All other

necessary work for Option C is as described for Option B.
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The overall estimated cost for required work under Option C is approximately
$470,000 (Table 5.2) and would require about 2 months to complete. The extent
of work required under this option is well defined.

5.4 Option D: Removing Radioactive Soil and Relbcatigg It

This option would involve excavating and removing all contaminated soil and
debris from the West Lake Landfill and relocating it to an authorized disposal

facility.

Vegetation over Areas 1 and 2 would be cleared and placed in the demolition
portion of the West Lake Landfill.

All equipment stored on the two contaminated areas would be removed to another
portion of the site. Gravel piles in Area 2 should be removed. The lower 10 to
15 cm (4 to 6 in.) of rock should be left in place to be disposed of with other
contaminated materfals, since this gravel may have become mixed with contaminated

soil at the surface.

The areas known to contain radioactive contamination at levels above the action
criteria (20 pyR/hr at 1 m) would be excavated initially. Next, the excavated
area would be surveyed to determine the extent of contamination remaining. Ex-
cavation would continue until unacceptable Tevels of contamination have been
removed. Immediately after excavation, the soil would be placed in 208-liter
(55 gal) approved drums (or other approved containers) for transport. Contain-

ment in the drums will prevent the spread of dust and loose soil during

transport.

Some of the nonradiological hazardous material known to be present in the
landfill could present a serious danger to workers should they excavate into
this material. Proper precautions should, therefore, be taken as the work is

being performed.

Estimated costs under Option D would be $2,500,000 (Table 5.3). Transporting
the contaminated soil to another site and emplacing the material there would
significantly add to the cost. This option could be compieted in about
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3 months, providing that a suitable disposal facility were available to receive

the contaminated waste.

5.5 Option E: Excavation and Temporary Onsite Storage in a Trench

Under this option, as much radioactive soil would be excavated as in Option D
and would be placed in a specially prepared trench on the West Lake site but
would not be placed in drums. This trench would become a temporary repository
for the radioactive soil. The trench would be surrounded by an impervious clay
Tiner to minimize leachate production and transport into the groundwater system.
The cap should give acceptable rates of surface exposure and acceptable rates

of radon gas release.

As under Option D, surface vegetation, machinery, and piles of crushed rock
would be removed from the surface of areas to be excavated. Design of the
trench is based upon the "secure landfill concept" (Shuster and Wagner, 1980)
with three primary functions: eliminate direct gamma-ray exposure at the ground
surfacé, reduce radon emanation, and prevent leaching of radionuclides to the

groundwater system.

The excavated area would be cut to a maximum elevation of 140 m (460 ft) msl
over the area to be covered by the trench. The base of the trench would cover
an a}ea 120 x 120 m (394 x 394 ft) and would have a negligible slope. Low spots
would be filled with borrow soil* compacted to at least 90% of its standard
Proctor density (SPD). Once the base for the trench has been leveled to a
final elevation of about 140 m (460 ft) msl, a blanket of borrow soil at least
1.5 m (5 ft) thick compacted to at least 90% SPD would be emplaced. Specifica-
tion of compaction of this underlayer is based on the requirement of avoiding
subsidence which could cause the clay liner to crack and fail. A clay liner
would be placed above the underlayer. The liner would be 0.5 m (1.6 ft) thick
and would have a permeability less than 10-8 cm/s (4 x 10-? in./s). An

impermeable plastic liner could also be used.

*Borrow soil refers to a clayey-silt loess (Soil Conservation Servicg type cL)
excavated southeast of the site for use as daily cover in the landfilling
operation.
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Sides of the trench would be built at a 3:1 slope up to the level of the surround-
ing undisturbed landfill surface, about 143 m (470 ft) msl. The walls would
consist of an underlayer and liner as described for the base. A layer of
crusher-run limestone 0.5 m (1.6 ft) thick would be placed on top of the liner

to allow leachate buildup in the trench to be monitored and to facilitate pump-
ing should teachate buildup become a problem.

After the base and walls of the trench have been built, the previously exca-
vated debris would be placed in the trench. Then the remaining radioactive
debris would be excavated and placed in the trench. As excavation proceeds, it
will become apparent how much volume the trench must have to contain all the
contaminated soil. At this point, the walls of the trench would be raised to
an appropriate level. Excavation and filling can then proceed until the work
is complete. The final thickness of debris is expected to be from 4 to 6 m

(13 to 20 ft).

A cover, as described below, would be placed over the debris. A 1 m (3 ft)

layer of borrow soil compacted to 90% SPD will be placed over the debris. A

clay liner 0.5 m (1.6 ft) thick of permeability less than 10-8 cm/s (4 x

10-® in./s) would be placed over the borrow soil blanket. A 0.5-m (1,6-ft) layer
of crusher-run limestone would be placed over the clay layer to prevent
infiltration water from building up over the liner. A cover soil layer of
average thickness about 2 m (7 ft) would be placed over the rock layer.

The cover soil would be compacted and built with a surface slope of from 2¥ to
4% to minimize erosion. Three-tenths of a meter (1 ft) of top soil would be
placed over the cover layer and would be seeded and mulched to establish a vege-

tative cover.

Once the trench has been prepared to accept the soil, workers may begin to
excavate contaminated soil. As under Option C, an initial excavation would
remove the area of known contamination, and a cleanup phase would remove all
soil containing radionuclide concentrations above an action level of 15 pCi/g
Ra-226. As soon as the soil has been excavated, it would be hauled to the -
trench and emplaced. The contaminated soil should be sufficiently compacted to
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prevent settling, to maintain the integrity of the soil cap. As fill is being
emplaced, the pipe for a monitoring well would be extended upward from the base
of the gravel underdrain. This well should be designed in a manner that would
allow future installation of a pump for drawing off leachate should this become

necessary.

Costs for QOption E would be approximately $2,150,000 (Table 5.4). The estimated
costs vary somewhat, since the exact limits of excavation cannot be defined until
work begins. This work would require approximately 4 months to complete.

5.6 Option F: Construction of a STurry Wall to Prevent Offsite Leachate
Migration

Under Option F, radicactive soil would be left in place at the West Lake site.
The wastes would be stabilized by means of a soil cover {as under Option B) and
a downgradient slurry wall would be built around the contaminated soil. The
siurry wall would be intended to keep leachate from migrating off site. This
remedial action would be somewhat more effective than Option B in reducing the
potential for groundwater contamination. However, costs incurred would be
substantially higher than those for Option B or C. Benefits would be-nearly
identical to those derived by the soil cover and berm stabilization alone; the
sole advantage of Option F over Option B or C would be greater protection to

groundwater in the Missouri River alluvium.

Vegetation, machinery, and piles of crushed rock would have to be removed as
described for Option B. A slurry wall would be constructed by excavating a
trench [approximately 1 m (3.3 ft) wide] to the depth of bedrock. This trench
would be bored out in the presence of a mud weighted with bentonite (clay) to
keep the walls from collapsing and to keep groundwater from intruding into the
trench. The trench would be excavated in sections 6 to 8 m (20 to 26 ft) long.
Once a section of trench has been excavated, concrete would be poured by tremie
into the trench to dispiace the slurry. The final slurry walls would each
consist of a concrete slab about 1 m (3.3 ft) thick extending to bedrock and
partially.encircling the bodies of radioactive soil in both Areas 1 and 2. A
total of approximately 1300 linear meters (4,300 ft) of wall would be con-
structed to depths varying from 5 to 15 m (16.to 50 ft).
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After each of the slurry walls had been emplaced, fill would be added along the
face of the berm to stabilize the slope. Finally, a soil cover would be placed
over the contaminated areas. The berm would be stabilized and the soil cover
would be placed as outlined for Option B.

Costs of work required for Option F would be approximately $5,600,000

(Table 5.5). The exact amount of slurry wall cannot be determined until work
is begun; therefore, this cost will be highly variable. Since the walls should
extend to bedrock, the depth of soil and landfill debris will govern the depth
of the required wall. Slight errors in estimating the depth of alluvium could
result in large errors in the cost estimate. It is estimated that it would
take 6 to 8 months to complete this option.
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Table 5.1 Itemized cost of remedial action, Option B

Item Quantity Unit price Cost Reference

Clearing and grubbing 2.9 ha $1850/ha $ 5,365 *
Remove Shuman Building -- -- $ 6,200 *x
Excavate contaminated 7500 m3 $10/m3 $ 75,000 +

soil and redeposit
it at a secure site

Emplace soil cover 48,000 m3 $4.64/m3 $222,720 t
Bury clean rubble 225 m3  $12.50/m3 $ 2,812 T
Seed and mulch cover 3.3 ha $2165/ha $ 7,145 *
Subtotal $319,242
Contingency @ 10% 31,924
Engineering and legal 15,962
fees @ 5% _
Estimated total cost $360,000TT

~ *Dodge Guide to Public Works and Heavy Construction, 1984.

**Ford, Bacon and Davis Utah, Inc., "Engineering Evaluation of the Latty
Avenue Site, Hazelwood, Missouri," NRC Contract No. NRC-02-77-197, 1978.
(This Butler-type building has already been removed.)

tBased on best estimated cost.
ttAdjusted for deletion of building removal.
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Table 5.2 1Itemized cost of remedial action, Option C

Ttem Quantity Unit price Cost Reference

Clearing and grubbing 2.9 ha $1850/ha $ 5,365 *

Remove Shuman Building -- -- $ 6,200 ale
Relocate power 3 $2060 $ 6,180 t
transmission poles
Stablize berm (fill) 20,200_m3 $6.70/m3 $135,340 T
Emplace soil cover . 48,000 m® $4.64/m? $222,720 1
Bury clean rubble 225 m®  $12.50/m®> $ 2,812
Seed and mulch cover 3.3 ha $2165/ha $ 7,145 *
Subtotal $385,762
Contingency @ 10% 38,576
Engineering and legal : 19,290
fees @ 5%
Land acquisition 2 ha $15,500/ha 31,000
Estimated total cost $470,000

*Dodge Guide to Puﬂlic Works and Heavy Construction, 1984.

**Ford, Bacon and Davis Utah, Inc., "Engineering Evaluation of the Latty
Avenue Site, Hazelwood, Missouri," NRC Contract No. NRC-02-77-197, 1978.
(This Butler-type building has already been removed.)

tBased on best estimated cost.
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Table 5.3 Itemized cost of remedial action, Option D
Item Quantity Unit price Cost Reference

Clearing and grubbing 2.9 ha $1850/ha $ 5,365 *
Remove Shuman Building -- -- $ 6,200 **
Bury clean rubble 230 md $12.5/m3 $ 2,875 1
Excavate contaminated soil 70,000 m® $5.25/m3 $ 367,500 f,%t
Site decontamination 27,600 m3  $1.4/m? $ 38,640 **x
Packing waste for transportation 70,000 m3 $25/m3 $1,750,000 +%

Subtotal $2,170,580

Contingency @ 10% 217,058_

Engineering and legal 108,529

fees @ 5%
Estimated total cost

$2,500,000***

*Dodge Guide to Public Works and Heavy Construction, 1984.

**Ford, Bacon and Davis Utah, Inc., "Engineering Evaluation of the Latty
Avenue Site, Hazelwood, Missouri," NRC Contract No. NRC-02-77-197, 1978.
(This Butler-type building has already been removed.)

***No costs have been included here for moving the waste, for emplacing it and
for disposal facility users fees.

tBased upon best estimate.

ttEstimated quantity of soil having Ra-226 concentrations of 15 pCi/g or more.
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Table 5.4 Itemized cost of remedial action, Option E
Item Quantity Unit price Cost Reference
Prepare secure trench 80,000 m3 $9/m3 $ 720,000 *
Clearing and grubbing 2.9 ha $1,850/ha $ 5,365 *
Remove Shuman building $ 6,200 KX
Bury clean rubble 230 md $12.5/m? $ 2,875 *
Excavate contaminated 70,000 m®  $5.25/m '$ 367,500 *
soil "
[ ]
Site decontamination 27,600 m3  $1.40/m3 "$ 38,640 ¥
Emplace contaminated 70,000 md $10.3/m3 $ 722,200 *
soil
Monitoring well --- === $ 6,000 x
Seed and mulch cover 0.08 ha $2,165/ha $ 200 +
Subtotal $1,868,980
Contingency @ 10% 186,900
Engineering and legal 93,450
fees @ 5%
Estimated total cost $2,150,000
* Dodge Guide to Public Works and Heavy Construction, 1984.
**Ford, Bacon and Davis Utah, Inc., "Engineering Evaluation of the Latty

Avenue Site, Hazelwood, Missouri," NRC Contract No. NRC-02-77-197, 1978.
(This Butler-type building has already been removed.)

1 Based on best estimate.
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Table 5.5 Itemized cost of remedial action, Option F

Item Quantity Unit price Cost Reference
Clearing and grubbing 2.9 ha $1,850/ha $ 5,365 *
Remove Shuman building $ 6,200 kX
Relocate power 7 poles $2,060/@ $ 14,420 1
transmission poles
Construct slurry wall 11,000 m? $402/m? $4,422,000 *
Stabilize berm 20,200 m3 $6.70/m3 $ 135,340 t
Emplace soil cap 48,000 m®  $4.64/m3 $ 222,720 t
Bury clean rubble 225 m3 $12.5/m3 $ 2,812 t
Seed and mulch cover 3.3 ha $2,165/ha $ 7,145 *
Subtotal $4,816,002
Contingency @ 10% 481,600
Engineering and legal 240,800
fees @ 5%
Land acquisition 2 ha $15,500/ha 31,000
$5,600,000

Estimated total cost

*Dodge Guide to Public Works and Heavy Construction, 1984.

**Ford, Bacon and Davis Utah, Inc., "Engineering Evaluation of the Latty
Avenue Site, Hazelwood, Missouri," NRC Contract No. NRC-02-77-197, 1978.
(This Butler-type building has already been removed.)

tBased on best estimate.
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. N A5,
-lSeé:ember 12, 1989 FOth & Van D)’ke

11970 Borman Drive

Mr. Joseph G. Homsy Suite 110

Katten, Muchin and Zavis ' Creve Coeur, MO 63146
525 West Monroe Street 314/434-5700
Suite 1600 FAX: 314/434-7071

Chicago, IL 60606-3693
Dear Mr. Homsy:

RE: West Lake Landfill CERCLA

This letter was drafted at the direction of Mr. Joseph G. Homsy
regarding the proposed listing of the West Lake Landfill in
Bridgeton, Missouri to the National Priorities List (NPL). This
letter documents the results of Foth & Van Dyke's investigation
regarding the hazardous ranking system (HRS) scoring package and
background (support) information for the West Lake Landfill. 1In
addition, an evaluation was made based upon currently available
information for the site to ascertain if pollutant or contaminant
releases may present imminent and substantial danger to public
health and welfare.

HRS Evaluation

The West Lake Landfill site was scored for two routes only:
groundwater and surface water. The elements of the groundwater
route score were observed release, waste characteristics
(toxicity/persistence and hazardous waste quantity) and targets
(groundwater use and distance to nearest well/population served).
I believe that documentation of an observed release,
toxicity/persistence and hazardous waste quantity exit. The only
possible areas of dispute are groundwater use and distance to
nearest well/population served.

The surface water route score was based upon the potential for a
release. The elements of the surface water route score were
route characteristics (facility slope and intervening terrain, 1-
year 24-hour rainfall, distance to nearest surface water and
physical state), containment, waste characteristics
(toxicity/persistence and hazardous waste quantity) and targets
(surface water use). I believe that documentation of the above
elements with the exceptions of facility slope and intervening
terrain, physical state and containment exit. However, even with
the elimination of the surface route score from the total score,
the revised HRS score could be lowered to only 29.49. Therefore,
further evaluation of this route was not conducted.

The groundwater use score of "3" is based upon the groundwater
used as drinking water with the present unavailability of
municipal water from alternative unthreatened sources (40 CFR,
Part 30, App A). According to a telephone record, (Reference 14
in the HRS background information) the St. Louis County Water

LAT 0204



Company does not provide service north of St. Charles Rock Road
on the Missouri River floodplain.

On November 6, 1989, I reviewed maps in the engineering office of
the St. Louis County Water Company. The purpose of this review
was to determine the location of water mains which could provide
water service north of St. Charles Rock Road on the Missouri
River floodplain. A water main follows the Earth City Expressway
north to St. Charles Rock Road and then heads east along St.
Charles Rock Road. A water main heads northeast into the Rock
Industrial Park and then southeast to Taussig Road. Another line
heads northeast on Taussig/Gist Road. The water company does not
have water 1lines west of Earth City Expressway on St. Charles
Rock Road. Water lines do not exist on Ferguson Road or along
Missouri Bottom Road in the Missouri River floodplain. In
Attachment A there is a map indicating the locations of the water
-lines with plat numbers referenced in the St. Louis County Water
Company maps.

On November 9, 1989, I drove throughout the area north of St.
Charles Rock Road in the Missouri River floodplain and up to
three miles from the West Lake Landfill site. In addition, I met
with an employee of a small business on Ferguson Road and had a
telephone conversation with an employee of the 0ld Bridge Bait
Shop on St. Charles Rock Road. The purpose of this investigation
was to determine the existence and use of water wells within a 3-
mile radius of the West Lake Landfill site.

The wells referenced by the Missouri Department of Natural
Resources (MDNR) in the HRS scoring package (Reference 12,
Numbers 1 through 20) and other wells or potential well locations
developed by my survey (Numbers 21 through 26) are shown on the
map in Attachment B. Also included is a description of well
uses. According to my field survey, wells 2 and 19 do not exist
- i.e. houses/buildings are no longer present at these locations.
Wells 1 and 25 are located. approximately one mile from the waste
boundary and well 20 is located approximately 2500 feet from the
waste boundary. Employees at wells 1 and 25 stated that the
water from these wells is used for cleaning purposes and is not
used for drinking water. Drinking water is brought to these
facilities. An employee at well 1 told me that the water was too
rusty to use for drinking water. '

An alternate unthreatened water supply is available for well 20.
St. Louis County Water Company water lines run throughout the
industrial parks to the south, west and north of well 20. In
addition, this well is apparently used for irrigation/watering
purposes only. Therefore, within one mile of the waste boundary,
groundwater is not used for drinking water. Also, an alternate
unthreatened source is presently available to the industrial
parks north of St. Charles Rock Road which refutes part of
Reference 14 of the HRS scoring package. According to the
employee at well 1, the people at the new house on Ferguson Road



(well 26) use their water for drinking water. This well is
approximately 5900 feet from the waste boundary and apparently is

the nearest well to the waste boundary from which water is used
as a drinking supply. Also according to a report prepared for
the Nuclear Regulatory Commission (NRC) entitled "Site
Characterization and Remedial Action Concepts for the West Lake
Landfill" dated July, 1989, the closest drinking water is 1.4
miles from the site (Attachment C). However, the well designated
as well 26 was apparently installed after the development of the
data from the NRC (1989) report.

In the HRS scoring process, the MDNR has used two wells in the
population served element which do not exist. Also, the MDNR
state that the St. Louis County Water Company does not supply
service north of St. Charles Rock Road on the Missouri River
floodplain. However, a check of the maps at the St. Louis County
Water Company along with the observation of fire hydrants
throughout the industrial parks north of St. Charles Rock Road
refute ‘this statement. Therefore, some of the work performed by
MDNR is not correct.

The result of this survey is that the groundwater use value of
"3" along with the population served value by groundwater and
distance to nearest well value appear to be in conflict. The
value of "3" for groundwater use within three miles of the
hazardous substance is for drinking water with no municipal water
from alternate unthreatened sources presently available. The
well used for the distance to the nearest well has an alternative
unthreatened municipal water source readily available.
Therefore, the use of this well for distance to nearest well and
the area groundwater use are in conflict. The nearest well used
for drinking water with or without an alternate unthreatened
source 1s approximately 5900 feet north of the waste boundary.
Therefore, either the groundwater use value should be reduced to
"2" or the distance to the nearest well value should be reduced
to ll2".

The major portion of the population served by groundwater wells
within a 3-mile radius (720 out of 777 people) is based upon
irrigated cropland. The groundwater use value of "3" applies to
drinking water, however, the groundwater use value of "2" applies
to "drinking water with municipal water from alternate
unthreatened sources presently available or commercial,
industrial or irrigation with no other water source presently
available". The fact that the population served is mainly by
commercial, industrial and irrigation uses would suggest that the
nature of the use made of groundwater drawn from the aquifer of
concern within three miles of the hazardous substance is
commercial, industrial or irrigation with no other water source
presently available. The basis of the groundwater use and
population served values used in the HRS score are in conflict.
Therefore, either the groundwater use value should be lowered to



"2" or the population served value should be lowered to "1
(population between 1 and 100).

The scores of three scenarios for modifying the target values are
provided below:

1. Change the value for groundwater use from "3" to "2V
HRS score = 26.36

2. Change the value for distance to nearest well from "3" to
"2" (matrix changes from "16" to "12") :
HRS score = 25.20

3. Change the value for population served from "2" to "1"
(matrix changes from "16" to "8")
HRS score = 20.58

The HRS score work sheets for each of the above scenarios are
provided in Attachment D.

Risk Assessment

An evaluation of the impact of the site on the public health and
welfare was performed by a Foth & Van Dyke toxicologist. An
insufficient amount of data is available to conduct a formal risk
assessment. Thus, opinion(s) presented here were based on the
available information. Additional information which would be
needed for a complete risk assessment is identified later.

Presently, the principal concern at the West Lake Landfill is the
presence of low 1level radioactive waste at the site. The
radiocactive waste is confined to two locations at the landfill,
comprising about 9 acres. Radionuclides of concern include:
Uranium - 238, Uranium - 234, Thorium - 230 and Radium - 226.
Exposure to these radionuclides via the groundwater, air, soil or
surface water could result in formation of a cancer if the
exposure was sufficient. A risk assessment would determine what
constitutes a sufficient exposure. In lieu of a risk assessment,
each potential exposure pathway will be discussed in a
qualitative manner, with recommendations made for future
laboratory/field work.

At this time groundwater does not appear to represent a

significant exposure pathway. Monitoring performed for the NRC
at or near the perimeter of the landfill show no to minimal
radioactive contamination. An important point which must be

emphasized is that exposure to groundwater through ingestion is
not the only route of concern. The radionuclides present produce
high energy beta particles and photons (gamma rays) which can
cause tissue damage, i.e., cancer, through external exposure.
Groundwater used for cleaning, agricultural and industrial uses
may be cause for concern.




Recommendations

* Measure radioactivity of groundwater used at
- offsite locations;

* and, determine in detail, groundwater use in the
area.

On-site radiation levels were measured for the NRC to determine
the external gamma radiation level and the flux of radon and its

metabolites. Both techniques showed unacceptable levels of
radiation in the ambient air above the surface contaminated

sites. These levels would pose a health risk to persons on-site
for an extended period of time.

Recommendations:
* Conduct air sampling and modeling, to determine if
this exposure pathway presents a health risk to
persons offsite, e.g., Spanish Lake Village,

Ralston-Purina employees, etc.:;

* Determine if the radon flux will increase with
time as the radioactive decay produces higher
levels of radon;

* Assuming migration of a contaminated groundwater
plume to the Missouri River, determine a future
radon flux in the area west of the landfill since
dwellings in this area may be subject to radon gas
contamination;

* Conduct an investigation to determine if radon gas
is a problem (health hazard) in buildings adjacent
to the landfill.

On-site radiologic so0il analysis has defined the area of
contamination. In some areas the contaminated soil is covered by

demolition debris and surface soil. Fugitive dust emissions,
surface runoff (especially near the northwest berm) and air
contamination could all serve as a source of contamination to
offsite locations because of these cover materials.

Recommendations

* Determine offsite soil contamination e.g., farmers
field, neighborhoods, etc.

At this time the surface water in the area is free of radioactive
contamination. The Missouri River is used as a municipal water
supply. In addition the water is used for recreational purposes.
Onsite closure of the landfill would have to ensure that neither
of these surface water uses would be jeopardized.




Recommendations

* Collect area surface water and sediment samples
for radioactive contamination.

Based upon existing information, the West Lake Landfill does not
appear to represent an imminent and substantial danger to public
health and welfare.

If you have any questions regarding these evaluations, please
contact me.

Very Truly Yours,

Foth & Van Dyke

Rodney T. Bloese
Senior Project Hydrogeologist

RTB:klt
cc: Scott Schreiber w/attachments

Ron Poland w/attachments
Miles Stotts w/attachments






ATTACHMENT A

St. Loulis Water Company
Information






The water mains shown on the attached figure were found on maps
belonging to the St. Louis County Water Company. Plat numbers
are given on the figure. The area of interest can be found on
maps of plats '

34PN2
350N1
35PN1
35PN2
35pPSs1

The areas to the northeast and northwest are plats
36PS1
- 36PN2
36051

St. Louis County Water Company maps are not available for these
areas as water mains do not exist in this area.




ATTACHMENT B

Well Locations



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Well Uses
Metal Shop - Not used as drinking water
Does not exist
Home
Bait Shop - Not used as drinking water

Home/Farm

‘Home/Farm

Home/Irrigation

Home

Home/Farm

Home/Farm
Shooting/Gun Club - Drinking water supply
Home |

Home/Farm

Home/Farm

Irrigation
Irrigation
Irrigation

Bobs Auto Parts

Does not exist
Wilfred Hahn
House/Horse Ranch
Home/Farm

Home/Farm

Schroeder Sod Farms
0ld Bridge Bait Shop

Home
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NRC Report



The alluvial aquifer recharges from upland areas from three sources: seepage
from loess and bedrock bordering the valley, channel underflow of upland streams
entering the valley, and seepage losses from streams as they cross the flood-
plain. Of these sources, streams and their underflow represent the main source
of upland recharge to the alluvial aquifer. Streams entering the floodplain
raise the water table in a fan-shaped pattern radiating outward from their point
of entrance to the plain. In areas where streams are not present, the water
slopes downward from the hills, steeply at first and then gently to the level

of the free water surface in the Missouri River channel. The situations de-
scribed above do not take into account the effect of variations in permeability

. of the shallow soil layer. Aerial photography of the site indicates that a

filled backchannel (oxbow lake) type of soil deposit is present along the south-
west boundary'of the landfill (USDA, 1953). This deposit is probably com-
posed of fine-grained material to the depth of the former channel (6 to 10 m)
(20 to 33 ft). This deposit may tend to hamper communication between shallow
groundwater on opposite sides of the deposit.

Since no other recharge sources exist above the level of the floodplain, the
only water available to leach the landfill debris is that resulting from rain-
fall infiltrating the landfill surface. Because the underlying alluvtal aqui-
fer 'is highly permeable, there will be little “mounding” of water beneath the
landfill. Because the northern portion of the landfill has a level surface it
is likely that at least half of the rainfall infiltrates the surface. The
remaining rainfall is lost to_evapotranspiration and (to a lesser degree) sur-
face runoff. ODue to the height of the berm, temporary impoundment of surface

runoff is a common occurrence.

No public water supplies are drawn from the alluvial aquifer near the West Lake
Landfill. It is believed that only one private well (Figure 2.9) in the vicin-
ify of the landfill is used as a drinking water supply. This well is 2.2 km

(1.4 miles) N 35°W of the former Butler-type Building location on the West Lake
Landfill. In 1981, analysis showed water in this well to be fairly hard (natural.
origins) but otherwise of good quality (Long, 1981).

Water in the Missouri River alluvium is hard and usually contains a high

_cnncoantration of dwan and mangancco(MiNo- 1077). The amcunt of dissciv

e i gt T
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ATTACHMENT D

HRS Scoring Worksheets




Scenario 1

Ground Water Route Work Sheet

Rating Factor

E Observed Release

Assigned Value
(Circle One)

0 @)

Multi-
plier

Ref.
(Section)

If observed release is given a score of 45, proceed to line E
It observed reteass is given a score of 0, proceed to line @

@ Route Characteristics

3.2
Depth to Aquifer of 01t 23 2 8
Concern
Net Precipitation 01t 23 1 3
Permeability of the 01 23 1 3
Unsaturated Zone -
Physical State 01 23 1 3
Total Route Characteristics Score 18
E’] Containment 01 23 1 3 33
E] Waste Characteristics 3.4
Toxicity/ Persistence 0 3 8 81215(18 1 18 18
Hazardous Waste 0123458 7@ 1 8 8
Quantity
Total Waste Characteristics Score _2 6 28
EI Targets 3.5
Ground Water Use 0o 1 @ 3 3 6 ]
Distance to Nearest 0 4 6 8 10 1 16 40
Waell/Population 12 (ﬁn 18 20
Served 24 32 38 4
Total Targets Score 22 49
B itiine [1 is «s. mupty [ x [& x [3
ittine (T] iso. mutipty [ x B « (@ « @& $5740| 57.3%
@ owide tine (8] by 57.330 and muitiply by 100 sgw= 44.90

FIGURE 2

GROUND WATER ROUTE WORK SHEET



Scenario 1

Surface Water Route Work Sheet
. Assigned Value Ret.
Rating Factor (Clrcle One) (Section)
0] observea Releass @ 45 1 0 48 41
it observed release is given a value of 45, proceed to line E
If observed releass is given a value of 0, proceed to iine @.
[ route charactenistics _ A2
Facility Slope and Intervening 0 1@ 3 1 2 a
Terrain
1-yr. 24-hr. Rainfall 0 1(@a 1 2 3
Distance to Nearsst Surface 01 3 2 4 8
Water
Physical State 0 1 2(3) 1 3 3
Total Route Characteristics Score 11 15
@ Containment 0t 2 @ 1 3 3 4.3
E Waste Characteristics . 44
Toxicity Persistence 0 3 8 9121348) 118 18
Hazardous Waste 01234586 7(@) 1 8 8
Quantity -
Total Waste Characteristics Score 26 26
@& Targets : 4.5
Surtace Water Use o 1 @ 3 : 3 6 9
Distance to a Sensitive @1t 2 3 2 0 8
Environment
Population Served/Distance @ 4 8 8 10 1 0 40
to Water intake 1 16 18 20
Downstream 24 30 32 35 4«
Total Targets Score ' 6 55
[ iine [1] isas. mumpy [1 x [ x [&
itine 3] iso. mutply (2] x 3] x [A x [ 5148 | 64.3%0
Divide line by 64,350 and muitiply by 100 ssw= 8.00
FIGURE 7

SURFACE WATER ROUTE WORK SHEET



Scenario 1

s s2
Groundwater Routs Score (Sqy) 44,90 2016.01
Surtace Water Route Score (Sgy) 8.00 654.00

Air Route Score (Sy )

G+ 88, + 8] W 2080.01

Sow* Saw * S m 45.61

FIGURE 10
WORKSHEET FOR COMPUTING Sy




Scenario 2

Ground Water Route Work Sheet
Assigned Value Max. Ret.
Rating Factor (Circle One) Seore Score | (Section)
[0 observed Reiease 0 45 LR
It observed release is given a score of 45, proc’eod to line E
If observed reiease is given a score of 0, proceed to line @
@ Route Characteristics ) 3.2
Depth to Aquifer of 01 2213 2 [
Concern
Net Precipitation 01 23 1 3
Permeability of the 0123 1 3
Unsaturated Zone -
Physical State 01 23 1 3
Total Route Characteriatics Score 15
E Containment 01 223 1 3 3.3
E Waste Characteristics 3.4
Toxicity/Persistence 0 3 8 9121508 1 18 18
Hazardous Waste 0123458 7@ 1 '8 8
Quantity
Total Waste Characteristics Score 26 2
El Targets 35
Ground Water Use 0o 1 2(Q® 3 9 9
Distance to Nearest 4 6 810 1 12
Weli/Population 16 18 20
Served 30 32 3% 40
Total Targets Score 21 9
E] If line E is 45, muitiply m x m x @
ttine [1] is0, muttipty [2] x 3] x (4 x [ p4570] 57.330
@ owide ine [8] by 57.330 and muitipty by 100 Sgw= 42.86
FIGURE 2

GROUND WATER ROUTE WORK SHEET




Scenario 2

Surface Water Route Work Sheet

Assigned Value Multi-

Rating Factor {Circle One) piter

Ref.
(Section)

Observed Release @ 45 1 0 4.1
It observed retease i3 given a vaiue of 45, proceed to line m
it observed releass is given a value of 0, proceed to line @.
@ Route Characteristics 4.2
Facility Slope and Intervening 0 1 @ 3 1 2 3
Terrain
1-yr. 24-hr. Raintall 01 3 1 2 3
Distance to Nearest Surface 0 1 3 2 4 ]
Water
Physical State o1 2Q0) 1 3 3
Total Route Characteristics Score " 18
@ conainment o1 2(3) 1 31 3 a3
[4 waste Characteristics ' ] 44
Toxicity/ Persistence 038812 15(1::} 1 18 18
Hazardous Waste 0123 45 7 1 8 8
Quantity -
Total Waste Characteristics Score 20| 28
@ Targets 4.5
Surface Water Use o 1 ( 2) 3 6 9
Distance to a Sensitive OREERE] 0 s
Environment
Population Served/Distance 1(0) 4 6 8 10 1 0 40
to Water intake 16 18 20
Downstream l 24 30 32 33 W
Totat Targets Score © 59
m It line m is 45, muitiply m x E x m
itine (7] iso. mutipty (21 x B x [@ x [ 5148 | 64.35%0
Divide tine [8] by 64,350 and muitiply by 100 sew = 8.00
FIGURE 7

SURFACE WATER ROUTE WORK SHEET



Scenario 2

s s2
Groundwater Route Score (Sgy) 42.86 1836.98
Surface Water Route SCore (Sqw) 8.00 64 .00
Air Route Score (Sa) — —
Saw * S * 4 V/////1 1900.98
Sgw* Sow * 54 ///% 43.60
\/——+? /1 73 =8y V///A 25.20

FIGURE 10

WORKSHEET FOR COMPUTING Sy




Scenario 3

Ground Water Route Work Sheet

Assigned Value Muiti- Max. Ret.
Rating Factor . (Clrcle One) plier Score Score | (Sectlon)
E Observed Release 0 @ 1 45 45 3.1
It observed release is given a score of 45, proceed to line E
It observed reiease is given a score of 0, proceed to line @
@ Route Characteristics 3.2
Depth to Aquifer of 01 23 2 8
Concern
Net Precipitation 01 23 1 3
Permaeability of the 0123 1 3
Unsaturated Zone -
Physical State 1 23 1 3
Total Route Characteristics Score 15
m Containment 01 23 1 3 3.3
E Waste Characteristics ' 3.4
Toxiclty/ Persistence 036 9121508 118 18
Hazardous Waste 012345 7(:5:, 1 8 8
Quantity
Total Waste Charactenistics Score 26 28
EI Targets ’ 35
Ground Water Use o 1 2 () 3 9 9
Distance to Nearest o 4 8 (8Y1w0 1 8 40
Weil/Popuiation 12 18 18 XA
Served 24 30 32 35 40
Tota: Targets Score 17 49
[ wine [T ises. muipty (1] x [@ x [3
itiine [1] iso, mutiply [ x ] x [{ x [& h989(] 57.3%0
@ Divide line [§] by 57,330 and muitiply by 100 Sgw= 34.69

FIGURE 2

GROUND WATER ROUTE WORK SHEET




Scenario 3

Ground Water Route Work Sheet

. ) Assigned Value Muiti- Ret.
Rating Factor . (Clircte One) plier Score (Section)
[} observed Release 0 @ 1 45
If obsarved release is given a score of 48, proceed to line [4].
!t observed reiease is given a score of 0, proceed to line @.
[Z Route Characteristica 3.2
Depth to Aquifer of 012233 2 6
Concern
Net Precipitation 01 23 1 3
Permeability of the 0123 1 3
Unsaturated Zone -
Physical State 01 2213 1 3
Total Route Characteristics Score 18
m Containment 0123 ) 3 3.3
E Waste Characterisatics 3.4
Toxicity/Persistence 0 3 8 91215(8) 1 18 18
Hazardous Waste 0123458 708 1 8 8
Quantity
Total Waste Characteristics Score 26 26
l'ﬂ Targets s
Ground Water Use o1 23 3 9 9
Distance to Nearest 0 4 8 (8Y10 1 8 4
Well/Population 12 18 18 &
Served 24 30 32 35 40
Total Targets Score 17 9
m It line m is 48, muitiply m x m x E
itiine [1] is0, mutipty [ x B3] x [§ x [&] 1989(] 57.330
B oivide iine [B by 57.330 and muitiply by 100 Sgw= 34.69

FIGURE 2

GROUND WATER ROUTE WORK SHEET
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Scenario 3

Surface Water Route Work Sheet

Assigned Value Muiti- Max. Ref.
Rating Factor (Clrcte One) plier Score Score | {Section)
[ observed Release @ 45 1 0 48 41
If observed release is given a value of 43, proceed to line E
If observed reieass ia given a value of 0, proceed to line @.
[Z] Route Characteristica 42
Facility Siope and Intervening 0 1 (2) 3 1 2 3
Terrain
1-yr. 24-hr. Rainfall 01D 1 2 3
Distance to Noarest Surface 0 1 3 2 4 (]
Water
Physicai State o120 1 3 3
Total Route Characteristics Score 11 15
B containment 01203 1 3] 3 43
[Z] waste Characteristics _ .4
Toxicity/Persistence 038 912150 + 18 18
Hazardous Waste 0123458 7 1 8 8
Quantity
Total Waste Characteristics Score 260 26
B} Targets 45
Surface Water Use g 1 @ 3 3 6 9
Distance to a Sensitive @ 1 2 3 2 0 ]
Environment
Population Served/Distance @ 8 10 1 0 <
to Water intake 18 18 20
Downstream 0 R I W
Total Targets Score 6 58
[B] itune [I isas mutpy [ x [ x [&
ittne 1] iso. mutiply (2 x 3] x [@ x [§ 5148 | 64.3%0
[ Divide line [6) by 64,350 and muitiply by 100 Ssw = 8.00

FIGURE 7 -

SURFACE WATER ROUTE WORK SHEET




Scenario 3

) 5
Qroundwaier Aoute 800 (8!  34.69 1203.40
Surtace Water Routs 800re (Sgy) 8,00 64.00

Ale Rouse Score (Bg)

%u * S * | W// 12;;40

5w * S * % //////// 35.60

VE o jm m ] ww

~QURE 10
: \VORKSH!!T FOR COMPUTING Sy,
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United States Department of the Interior
GEOLOGICAL SURVEY

Water Resources Division
1400 Independence Road
Mail Stop 200
Rolla, Missouri 65401

October 29, 1990

Miles Stotts

Laidlaw Waste System, Inc.
P. 0. Box 5192

83rzd and Indiana Streets
Kansas City, MO 64132

Dear Miles: )

Enclosed is a copy of the draft study proposal we prepared [for the West Lake
Landfill approximately 5 years ago. As I discussed with you, this particular
effort was never completed by our agency. This original projposal was prepared
by Jeff Imes of our Missouri District office. I would like Lo still pursue
this type effort and if you think of a way that we might be iavolved, let me
know. As I mentioned to you, we can work with cities, stat:s, counties,
etc., on a 50/50 match program, but we cannot work with a private enterprise.

In addition, we can directly work with other federal agencic.. Thanks for the

consideration.

Sinceiely,

Daniel P. Bauer

Distrivzt Chief

Enclosure

cc: Jan Neher, DNR, w/attachment

LAT 0295




EFFEZCTS OF CHEMICAL AND RADIOACTIVE WASTES FR

tr

oM
LANDFILL ON THE MISSOURI RIVER ALLUVIAL 2QUITER,

ST. LOUZIS COUNTY, MISSOURI

INTRODUCTION

West Leke Landfill is located between St. Charles Rock
Road and 01d St. Charlas Rock Road in Bridgeton, Mo.,
(northern St. Louis Couhty). The site, approximately 200
acres} lies about 1 mile northwest of the junction of
Interstate 270 and 5t. Charles Rock Road and about 1% miles
southeast of the Missouri River (fig. 1).

Mining of Mississippian-age limestone from beneath’
the thin alluvial deposits began at the site along the
Missouri River bluf:f during the early 1940's. By the mid-138€0's,
the cuarry had expanded to about 60 acres (Areas 1 and 2 in
fig. 2). During this period of operaticn, zbout 84 acres.
adjécent to the westarn edge of the quarry site was ccverad
with quarry waste meterial (Area 3. in fig. 2).

During the mid-19€90's, before State regulatory authority
over hazardous waste sites, the quarry began to be operzted
as a landfill. It was not until December 1973 that the
landfill was brought into compliance with the Missouri Solid
Waste regulation. ZIuring the interim, a variety of known andc
unknown chemical industrial wastes, in &fdition to the usual

landfill materials, wers buried at the 1zndfill. Amorgz =he
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Fiqure 1.--Location of the Yest Lake Quarry and Landfill.
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Figure 2.--Location of quarry, quarry waste, and landfill areas within Hest Lake Landfill.
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chemical wastes that are known to have besn deposited at

the West Lake Landfill are:

Insecticides Alcohol 0ils

Herbicides Aromatics : 0ily sludges

Heavy metals Pigments Wastewater sludges

Asbestos Waste ink Helogenated
intermediates

ILsters

ApproxXimately 4,000 tons of residue {rom the manufacture
of herbicides and insecticides were depositad at the
landfill site. Because no records were kept of the many
different types of waste material being deposited at
West Lake, it is improbable that a comprehensive list of
chemical wastes can be compiled.

During early 1973 about 2,000 tons of >Sarium sulfate
slag residues and radiologically contaminatad bduilding
rubble were removed Irom & uranium—processing nlant at
Latty Avenue. The material, containing about 7 tons of
uranium oxide (U308), was. mixed with 392,000 tons of soil
and buried at West Lake. The major cbncentrations of

radiocactive deposits are in the northern one-half cof the

'mid-1960's quarry location (area 2 in fig. 2) and adjacent

to 0l1d St. Charles Rock Road at the western edge of the

landfill in the guarry waste area.



Since the early 1370's, the areal extent of the guarry
has been reduced to about 25 acres in the southeastarn
part of the site and the landfill and guarry waste area

have expanded to about 175 acres. A long-range developmént

plan to utilize the site, as landfill operations cease, heas

beer prepared. The 1initieal proposal calls for filling and

111

Fh

grading about 47 acres in the northeastern part of the land
with demolition waste and developing an oifice-industirial
park on the graded site. Approval for the demolition
landfill and development plans ha§ been withheld by the
Missouri Department of Natural Resources pending a decision
on the poténtial cleanup of radioactive wastes. '

The area around %West Lake Landfill has experienced
a considerable increase in industrial and residential
facilities since 1960. Completicn of the Interstate 270
Bypass to the southeast anc the Mark Twain Zxpressway TO
the west of the landfill site made the area more accessible
to commuters and industrial transportation. Consequently,
the population of the area has increased rapidly during
the past 20 years. Southeast of the landfill, residential
tracts have been developed adjacent to Interstaté 270.
Several industrial sites are located east of the landfill,
across St. Charleé Rock Road and a major industrial-residential
park, Earth City, 1s being developed about 1 mile west of
the quarry area. To the north there are industrial anc

commercial establishments zlong St. Charles 2ock Road

and farmland beyond. 35t. Charles, locatec 2 miles norzhwest
of the landfill, across the Missouri River, is rapidly growilng.

-
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Geohvdrology

West Lake Landfill is located at the boundary of the
Misscuri River alluvium. The southeastern one-third of

ite, an active limestone quarry, liss on 2 small

rt
A
1)
mn

Dlatszu about 20 feet above the alluvial flood plain at
the bzse of & bluff overlooking the Misscuri River. The
juarrv site presently occupies about 23 zcres (irea 1 in fig.
2) and contains a body of water known as the Black Diamond
Lake. Topographic maps show an elevation of 315 feet in
the quarry at the north edge of Area 1. DMNorth of the .
present quarry site 1s a roughly square area of about ]
38 acres, the location of previous quarry activity (Area
2 in Zig. 2). Most of Area 2 lies on the Missouri River alluvial

flooc¢ plain. Alluvial overburden was remcved to expose

~he limestone strata, which was quarried Zor about 15 years

>efore the area became a landfill site. The remaining area

(Arez 3 in fig. 2) lies on the Missouri =iver alluvial flood plain.

A geologic section traversing the alluvium about 1 mile

north of the landfill depicts a large derosit of highly
.;ermeable sand and gravel (85 feet thick) at the base of

the alluvium overlain by 15 to 35 feet of sand (fig. 3).

Zenerally, alluvial clay deposits compriss the surface

ormzzions near the bluff at the southeas-ern edge of the .

z1luvium. Soil conditions to the water <zble at the .

landfill are variable, ranging from clay znd silty clay

overlyving sand in the south to sand in t>z north.
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The regional ground-water flow in the Mississippian
limestone is northward, the water discharging into the Missouri
River alluvium. On a locsl scale it is probable that the

e from the

(D

d by some leake

0y

Mississippian aquifer is recharg
Pennsylvanian overburden. In the alluvium, ground-water flow
generally is believed to be northwarc from the landfill site,

then northeast. Emmett and Jelffary (19681) show & gound-water
valley in the alluvial plain south of the Missouri River (fig. ),
indicating ground water in the allgvium may travel from Ui to

5 miles before it discharges into the Missouri River. The

water table at the landfill is approximately 430 feet and

appears to decrease to about 420 feet over a distance of about

1% niles, resulting inla aydraulic graedient of about 7 feet

per mile. During 1967 an aquifer test was made at the Weldon
Spring Ordnance well field located about 18 miles upstream on

the Missouri River alluvium. The alluvial zquifer transmissivity
calculated from the aquifer-test date is 277,000 zallons per

day per foot (average permeability 3,000 gelilons per.day per

squéere foot).

lEmmett,L. F., and Jeffery, H. G., 1962, Reconnaissance
of the ground-water resources of the Missouri River alluvium

between St. Charles and Jefferson City, Missouri: U.S.

Geological Survey Hydrologic Investigations Atlas HA-315.
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Figure 4.--Water table elevations in the Missouri River alluvial aquifer,
Arrows show probable direction of groundwater movement in the aguifer.




PROBLEM
West Lake Landfill potentially is a serious, long-term
nealth risk for persons residing and working in the vicinity.
Among the many known chemical and radiologiczl contaminants
1

buried at the landfiil, which may adversely a:
water supplies in the alluvium, are hezvy metzls, aébestos,
herbicides, and a suite of halogenated zeompounds. It is
possible that oils, oily gludges and herbicides deposited
at the site may contain dioxin impurities. The large
quantity of barium sulfate slag, contaminated by radiocactive
uranium oxide (U308), i1s concentrated at two locations. . -
One on the west edge of the landfill is adjacent to 0ld
St. Charles Rock Road. The second-is within an abandoned
part of the limestone quarry (Area 2 in fig. 2). It is
likely that this area of the quarry is hydraulically connectad
to the basal sand and gravel deposits o the alluvieal
flood plain. The nature of many of the chemical industrial
Qastes at the site are unknown because ro records of the
type of chemicals hauled into the landfill were kept by
its owners.

Precipitation falling on the landfill does not run off
as overland flow .but soaks into the interior of the léndfill.
Witnesses have stated that the active parts of the landfill
were often under water. The site apparently is permeable
enough to allow the watef to infiltrate, presumably continuing
its flow into the alluvium. The dike on the north and
west of the landfill is in poor conditicn and may allow
leachete to leak from the landfill.

=
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The average velocity of fluid flow through the alluvium
can be estimated using the aquifer transmissivity calculeted
from the aquifer tast at Weldon Spring Ordnance well fielZ.
Assuming a porosity of 20 percent, the flow rate is approxi=-
mately 200 feet per year. This dées not imply that chemical
constituents will move at this rate but is a rough estimetze
of the hydraulic properties of the alluvium. At this
rate of movement, &nd &ssuming an active landfill history

of 20 years, contaminated ground water could have moved

PrOg

a maximum of about 3% miles from fhe site since its initiz
operation as & landfill. This does not take into account
the confining nature of near-surface clay erosits, whiéh
may underlay part of the landfill, but would be zpproprizze

for parts of the landfill that are in direct or near-direct

contact with alluvial sand, such as is possible in the

abandoﬁed quarry.

OBJECTIVES

The focus of this study is to determine the spatial
distribution of chemical and radiocactive contaminants in
and adjacent to the West Lake Landfill and evaluate the
probable rate and direction of leachate plume migration
from the landfill site. The extent and severity of contamination
in the alluvial aquifer and the potential for contaminaticn
of grcund-water supplies and the Missouri River downgradizat

from the landfill will be evaluated.



STUDY AREA

The study area includes the West Lake Landfill site,
the Missouri River bluff at the south 2dge of the guarry,
and the Missourli River alluvium from zbout 1 mile upstream
from the lancfill northeast to the convargence of the
Missouri River and the bluffs southezs:zz of the alluvium,
a distance of about 2.3 miles. The exzension well beyond
the bqundaries of the landfill is necsssary to adeguately

determine the regional ground-water flzw through and

around the landfill site.

PREVIOUS WORK -

A brief engineering geoclogic repcrt was filed on the
West Lake Landfill after the site came :nder the Missouri
Solid Waste regulation. The report rezommends that no
excavations be made below the original Zlood-plain elevaticn
(esfimated at uu40 feet) to keep the larZiill above the water
table. Test borings in the quarry spcll pile indicated a
clay and silt composition, but the natire of the alluvial
flood-plain surficial soil was not notszd. Mention is

made of a discontinuous dark gray clay at approximately

20 feet below land surface.

\\,\



During 1980 an'increasing interest in the landfill
site and its potentially hazardous nature lead the
Missouri Departmenf of Natural Resources to initiate a
study to determine the geologic history and hydrology of
the landsite and identify chemical and racdioactive pollutants
that may have leached into the ground water. The two
site surveys conducted during late 19830 feiled to address
the questicn of the geologic history of the lancdfill and
adjacent flood plain except to provide a sketch of the extznsion
of the quarry since its beginning. Only S of 11 planned
wells were completed at the landfill sife. Three are .
located immediately outside the west perimeter of the landiill
in the direction hypothesized as upgradient and =*wo are
located inside the north boundary of the landfill. The wells
were drilled only to a depth a&bout 1 meter below water
Water-level measurements macde in thess wells do not adequezesly
describe the hydrology of the landf;ll or its relation to
the surrounding alluvial plain. No attempt was made to
measure changes 1in water levels with.depth to determine
if watef leaks vertically downward in the ziluvium. The
study did ncte movement of weter from the lzndfill into
Black Diamond Lake &t the southern boundary of the quarry.
Several chemical samples were cbtained from the five newly
drilled wells, two existing monitor wells &= the landfill,

three private wells, and two surface locaticns. The privaZ:



wells are located beyond the boundaries of the landfill along
St. Charles Rock Road, between the lancZill and the Missour:i
River, but apparently are not downgraciznt from the.buried
waste (fig. 4). Chloride, sodium, iead, and manganese
concentrations are mentioned as being zarticularly large in
these samples, but comparison with chemical analyses from
cther alluvial wells show the manganeée content to be within
the same range of values. Sodium and chloride concentrations

are unusually large only in samples takzn from the landfill.

During December 1881, water-level zsasurements and
water-quality samples were obtained by 3eitz and Jens, Inc.
(consulting engineers) at eight monitoring wells within the
boundaries of the landfill. None of these samples and only
seven of the aforementioned samples were tested for barium,
although large quantities of barium sulfzte slag contaminated
with radiocactive uranium oxide (U308) were deposited at the site.

A detailed radiological survey of Wsst Lake Landfill was
completed during 1982 by Radiation Managsment Corporation for
‘the U.S. Nuclear Regulatory Commission.(Eooth and others, 19822).
The study identified gamma-ray exposure rztes, surface and
subsurface radionucliqe cqncentrations, z2nd several other measures
of radiocactive contamination. An aerial survey of the landfill
revealed that gamma-ray intensities fror the buried radioactive
material reaches 84-116 uR/hr (adjusted o the l-meter level and

including 3.7 uR/hr background cosmic¢ reiilation at the two

2Booth, L. F, and others, 1982, Racizlogical survey of the
West Leke Landfill St. Louis County, Miszzuri: Norzhbrook, Ill,
2zdiation Management Corporation, NUREG/I2-27722, 132 p.



In addition
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sites of major concentration of the wastes (fig.
to the investigation of radiclogical contaminaticn, the stucy
also includes a chemical analysis of six samples for priority
pollutants. The &ralyses show a significant presence of organic

solvents. Among thcse found in large concentrations zare
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iter {ug/L}), chlorodane

o

ram oer
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chlorophenol (1,41: micro
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§ ug/L) ethyvlbenzzne (438 ug/lL),

om

(90 ug/L) trichloroethylene (

APPROACH

The hydrological and chemical assessment of the West
Lake Landfillwill begin with a compilation and thorough ]
analysis of existing geologic, hydrologic, and chemical
data obtained from the landfill and the Missouri River, and
from the alluvial flood plain between tne:landfill and the
Missouri River, and Ifrom the uplands scuth of the landfill.
This information will be used to verifv the present or
formulate a new concept of the ground-water flow system
in and around West Lake Landfill, including verticel flow
in the alluvium.

A ﬁetwark of wells will be drilled into the alluvium
and landfill to provide informationthat‘will define the
geology of the maferial on which the landfill rests
(especially the arezl distribution and =<hickness of confining
clay deposits), refine the conceptual ground-water flow

pattern, and provide samples for chemiczl analysis. Previously

drilled wells will te used wherever it I1s practical. The

/)
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location of new wells will be determined pending the

results of the initial site shrvey and analysis of existing

data. It is anticipated that wells will be placed both

upgradient and downgradient from the landfill. A lithologic

log of each well will be prepared. Water-level measurements

and samplés for chemical analysis will be made immediately

after drilling below the water table and afzer drilling

to bedrock. If a thick clay layer is penetrated, an

attemét will be made to case the well above the confining

layer and make additional water-level measurements and take

water samples from the deeper alluvial deposits.
The hydrologic characteristics (hydraulic conductivity

and specific yield) of the alluvium near West Lake Landfill

will be determined by aguifer tests. A multiple-well

aquifer test in the alluvium, downgradient from the landfill

site, will provide information necessary to evaluats the

rate of flow of water away ZIZrom the landfill. A sszcond

test near the southern edge of the landfill will be particularly

valuable in determining the rate of movement of water and

leachates from the old quarry site (Area 2 in fig. 2) into

the alluvium. A multiple-well test with one well penetrating

the limestone beneath the southern edge of the lancdfill

_and a second well placed in the alluvium to the north would

provide information on the nhydraulic connection between

the limestone bedrock and &lluvial flood plain. The

feasibility of the second well test will be investigated

more thoroughly using known zeologic data. It may De

AN



difficult to locate wells properly in this area to obtain
a drawdown in the observation well within a reasonable
test period. A long-term test of the hydraulic connection
may be made by injecting dye at the base of the old quarry
and sampling for it in the alluvium. It is not certain
that the dye would be detected at a monitor well.

A cdigital model of the ground-water flow system in
the landfill and alluvium north and northeast of the landfill
will Se designed and calibrated to on-site observations.

A decision on the type of model that will be most appropriate
to the situation will be made as geologic and hydrologic
information is acquired and a conceptual ground-water fiow
pattern is develcoped. The model may be a two-dimensional,
threedimensional, or vertical-section model. The model

will be used to assess the applicability of fieldé-measured
hydraulic conductivity and specific yield values, to regional
flow through the agquifer an& to estimate the probeble

past and future movement of leachate from the landfill int;
the alluvium.

Chémical analyses of water samples previouslv taken
from the landfill site and results of the priority pollutant
analysis conducted by Radiation Management Corporation will
be studied to determine potential tracer elements that may

be used to map the movement of leachate plumes. Water samples

s 7



from new wells ani existing monitor wells will be analyzed
for the tracer elements and other contaminants to determine
the extent of leachate migration and the types of chemical
contaminates moving in the grounc water. Water samples
also will be taken from wells upgradient from the landfill
to determine background chemical characteristics of ground
water moving into the landfill. Information about the |
spatial distribution of hazardous chemical and radioactive
pollutahts and the movement of grouhd water in the alluvial
adquifer will be studied to evalueze the present and future
threat to drinking—waterlsuppligs in the vicinity of-the
landfill. An investigation of the feasibility of using
electromagnetic methods to locate the boundaries of
leachate ﬁlumes in the alluvial zcuifer will be undertaken

gs part of this study.

REZPORT PLANS

An interpretive report describing the hvdrologic system
in the study area will be prepared and published as a U.S.

Geological'Survey Water-Supply Pacer.

7
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% UNITED STATES

WASHINGTON, B, €, 20855

William E, Whitaker
President

Rock Road Industries, Inc.
13570 St. Charles Rock Rd,
Bridgeton, MO 63044

Dear Mr. Whitaker:

This letter is notification that within the VU.S.

$2p.20.902 1S:25 P .OQ2

NUCLEAR REGULATORY COMMISSION

September 13, 1960

Nuclear Regulatory

/7D

Commission, Office of Nuclear Material Safety and Safeguards, responsibi11ty for

project management of the matter of the licensable-materfal contamination in

the West Lake Landfil}, Bridgeton. Missourti, Docket No. 40-8801. has been

transferred from the Fuel Cycle Safety Branch, Division of Industrial and

Medical Nuclear Safety, to the Regulatory Branch, Division of Low Level Waste

Management and Decommissioning. In the future, correspondence may be addressed

to John H. Austin, Chief, Regulatory Branch,

cec:

S{ncerely,

_ Charles J. H

~

4
hney, Chi

Fuel Cycle Safety Branch

Division of Industrial and
Medical Nuclear Safety

-0ffice of Nuclear Materia) Safety
and Safeguards

Miles Stotts, Assistant Regional Engineer
Laidlaw Waste Systems, Inc.

2430 South Arlington Heights Road, Suite 230
Arlington Heights, Illinois 60005

¥illiam €, Ford, Director

Division of Environmental Quality
Missouri Department of Natural Resources
P.0. Box 176

Jefferson City, Missouri 65102

/AT 03%
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JOHN ASHCROFT
R Division o Fasironme it < Jushn
Guovemor
Divasion of Geoneds 1nd 1and survey

Divason of Munagemoent ~ertoes

Divasion ot iiras Recreation

Director STATE OF MISSOUR]

DEPARTMENT OF NATURAL RESOURCES

OFFICE OF THE DIRECTOR

PO. Box 176
Jetferson Cinv. Missoun 65102
Telephone 314-751-4422

and Histong Presenation

CERTIFIED MAIL - P5N339829

Septembefait\T981\

E@sai’jgfﬁ,\

Mr. Daniel T. O'Leary 0! q 1
County Government Center SEP 50 257 ot
7900 Forsyth Avenue

Clayton, MO 63105 WASTE MANACGEMENT

PROGRAM
Dear Mr. O'Leary:

RE: Registry of Confirmed Abandoned or Uncontrolled Hazardous Waste
Disposal Sites in Missouri - Modification of Legal Description

The Missouri Hazardous Waste Management Law directs the Department of
Natural Resources to maintain a registry of confirmed abandoned or
uncontrolled hazardous waste disposal sites in the state (Section 260.440,
RSMo 1986). That law further provides that when the Director places a
site on the Registry, he shall record with the County Recorder of Deeds
the period during which the site was used as a hazardous waste disposal
area (Section 260.470, RSMo 1986). The County Recorder of Deeds is
directed to record this information so that any purchaser will be given
notice that the site has been placed on the Registry. Id.

This particular site has already been added to the Registry and a "Notice"
recorded. The area of the site has been reduced and a survey of that area
performed. We are now modifying the legal description contained in the
earlier "Notice" recorded March 16, 1987, Book 8083, 975. Please record
the enclosed "Notice'" concerning the modification of a previously recorded
"Notice" in St. Louis County. Please note that no filing fee is enclosed
because there is no statutory authorization to require the Director of the
Department of Natural Resources to pay a fee for filing this notice. See
Carpenter v. King, 679 S.W.2d 866 (Mo. banc 1984).

LAT O0FZF7




Mr. Daniel T. O'Leary
September 3, 1987
Page Two

Please advise the Missouri Department of Natural Resources, Waste
Management Program, P.0O. Box 176, Jefferson City, Missouri 65102 of the
date the recording was made. If you have any questions or need further
clarification, please contact me.

Sincerely,

/
DIVISION|{OF ENVIRONMENTAL QUALITY

Director
FAB: jbk

Enclosures
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Divivion of Encrgn

JOHN ASHCROFT

Govemor Division or Environmental Quaisty

Division of Geology and land sunvey

- s REi ) of MANECICRT AL es
FREDERICK A. BRUNNER ! "‘)"::l:n,n>l \fll.'l:u:t r:c'n( ‘\r\uc
irector STATE OF MISSOURI 1O of Parks, Recreation,

DEPARTMENT OF NATURAL RESOURCES

DIVISION OF ENVIRONMENTAL QUALITY
: PO.Box 176
Jetterson City. MO 05102

and Histone Presenation

CERTIFIED MAIL P062020300

August 30, 1988

Mr. William McCullough
13570 St. Charles Rock Road
Bridgeton, MO 63042

Dear Mr. McCullough:
RE: Westlake Landfill, Inc. Registry Site

We have learned that controlling interest of portions of the Westlake
Landfill property have been acquired by Laidlaw Waste Systems. As you
know, two parcels of property are listed on Missouri's Registry of
Confirmed Abandoned or Uncontrolled Hazardous Waste Disposal Sites are
believed to be owned by Westlake Landfill, Inc. Attached are legal
descriptions of those registry sites--the radioactive waste sites.

It was also reported that a subsidiary corporation has been established
and ownership of the registry sites was passed to it prior to the
transaction with Laidlaw Waste Systems. Who or what entity now owns the
registry sites as described in the attached legal descriptions? Please
substantiate your response.

If you have questions, please do not hesitate to contact me at (314)
751-2919.

Sincerely,

DIVISION OF ENVIRONMENTAL QUALITY
MW
im Belcher, Chief

Planning and Pre-Remedial Unit

Superfund Section
Waste Management Program

JB:1s

CC: Hf. Richard A. Volonino

LAT 0298





